TRANSACTIONS 


OF THE 


AMERICAN SOCIETY 


OF 


MECHANICAL ENGINEERS. 


XXXVIIItH Merrinc, New York Crry, 1808. 
XXXIXtTH MEETING, WASHINGTON, D. C., 1899. 


NEW YORK CITY: 
PUBLISHED BY THE SOCIETY, 


FrRoM THE LIBRARY BUILDING, 


No. 12 WEst 31ST STREET. 


1899. 


= 

VOL. XX. 

Hele 
TON 

CORPOR ATED > 


Copyright, 1809, 
7 MECHANICAL ENGINEERS 


By rue AMERICAN CIETY 


Press of J. J. Little & Co. 
Astor Place, New York. 


| 


OFFICERS 
AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, 
1898-1899, 


FORMING THE STATUTORY COUNCIL, 


PRESIDENT. 


VICE-PRESIDENTS. 


Terms expire at Aunual Meeting of 1899. 


Terms expire at Annual Meeting of 1900. 


MANAGERS. 


Terms expire at Annual Meeting of 1899. 
Terms expire at Annual Meeting of 1900. 


Terms expire at Annual Meeting of 1901. 


TREASURER. 

cnn No. 53 East 10th St., New York City. 
SECRETARY. 

No. 12 West 31st St,, New York City, 


i 
# 
4 


NOTE. 


THE considerable bulk of the annual volume of Transactions has induced the 
Publication Committee to direct the insertion of a summary of the Society mem- 
bership in place of the complete list of members which was published in earlier 


volumes. 


The summary attaching to this issue is that which appears in the 


catalogue of the Society, issued with corrections up to July, 1899. Reference 


for the complete list should be made to the XXth catalogue issued on that date. 
The summary is as follows : 


ForREIGN COUNTRIES. 


Membership. Membership. Membership 
Belgium....... 2 Great Britain 
7 (England).... 28 2 
Central America 1 Great Britain South Africa... 2 
ee 2 (Scotland).... 2 South America. 5) 
1 Holland ....... 2 Sweden........ 5 
8 1 Switzerland.... 1 

Unrirep STATEs. 

Membership. Membership. Membership. 
Alabama....... 1 1 New York ..... 5380 
pf eee 1 Kentucky...... 2 North Carolina . 3 
1 Louisiana...... 4 122 
Arkansas ...... 1 11 1 
California...... 26 Marvland...... 24 | Pennsylvania... 289 
Colorado ...... 17 Massachusetts... 182 Puerto Rico.... 1 
Connecticut.... 94 Michigan. .... 53 Rhode Island... 40 
Delaware...... 9 Minnesota ..... 8 South Carolina. 6 
District of Co- Mississippi..... 1 Tennessee ..... 2 

ee 1 Montana....... 8 Vermont....... 8 
Georgia........ 3 Nebraska...... : Virginia. ...... 26 
128 Nevada........ 1 Washington.... 2 
26 New Hampshire 11 West Virginia. . 4 
4 New Jersey... 101 Wisconsin ..... 41 

Total membership in the United States ....... . 1,845 
GEOGRAPHICAL SUMMARY. 
Total membership in United 

SUMMARY OF MEMBERSHIP BY GRADES. 


Seventy-five members, by payment of the life membership fee of $200, have 
made themselves life members, but are included in the above list in their 
respective grades. 
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PAST OFFICERS. 


(EXECUTIVE. ) 
PRESIDENTS. 

R. H. Tuurston (April 7th, 1880—Nov. 3d, 1882), E. D. Leavitt, JR. (Nov. 3d, 
1882—Nov. 3d, 1883), Joun E. Sweet (Nov. 3d, 1883—Nov. 7th, 1884), J. F. 
(Nov. 7th, 1884—Nov. 13th, 1885), CoLEMAN SELLERS (Nov. 13th, 
1885—Dec. 2d, 1886), Geo. H. BaBcock + (Dec. 2d, 1886—Dec. Ist, 1887), Horace 
SEE (Dec. 1st, 1887—Oct. 18th, 1888), Henry R. Towne (Oct. 18th, 1888—Nov. 
22d, 1889), OBERLIN Smitu (Nov. 22d, 1889—Nov. 14th, 1890), Ropr. W. Hunt 
(Nov. 14th, 1890—Nov. 20th, 1891), CHas. H. Lorine (Nov. 20th, 1891—Nov. 
29th, 1892), Eckiey B. Coxet (Nov. 29th, 1892—Deec, 4th, 1894), E. Davis § 
(Dec. 4th, 1894—Aug. 6th, 1895), CHas. E. BILLines} (Aug. 6th, 1895—Dee. 3d, 
1895), Joun Fritz (Dec. 3d, 1895—Dee. 5th, 1896), Worcrester R. WARNER 
(Dec. 5th, 1896—Dec. 3d, 1897), CHarLEs WaLLace Hunt (Dec. 3d, 1897— 
Dec. 2d, 1898). 

TREASURERS AND SECRETARIES. 

Treasurers.—Lycureus B. Moore (April 7th, 1880—Dec. 2d, 1881), CHas. W. 
COPELAND % (Dec. 2d, 1881—Nov. 7th, 1884). 

Secretaries.—Lycurcus B. Moore (Acting, April 7th, 1880—Nov. 4th, 1880), 
THos. WHITESIDE RAE ** (Nov. 4th, 1880—March 1st, 1883). 


MEMBERS OF PREVIOUS COUNCILS. 
VICE-PRESIDENTS. 

Henry COLEMAN Eckiey B. Coxg,t Q. A. 
GILLMoRE, WM. H. Sock, ALex. L. Houuery,tt F. A. Pratt, W. P. Trow- 
BRIDGE,$$ E. D. Leavitt, Jr., CHas. E. Emery, Jonn Frirz, Henry Morton, 
Wma. METCALF, S. B. Wurtina, A. B. Coucn, W. R. Eckuart, J. V. MERRICK, 
CuHARLEs W. CorELAND,§§ LANDRETH, HENry R. Towne, C. H. Lorine, 
Horace SEE, ALLAN STIRLING, Jos. MorGAN, Jr., C. T. Porter, Horace §. 
Smrru, W. S. G. Baker, H. G. Morris, C. J. H. Woopsury, J. BORDEN, 
Wo. Kent, Cuas. B. RicHarps, JOEL SHarpP,|| Geo. W. WeeKks, DE VoLson 
Woop, 8S. W. BaLpwin, Joun F. PANKHURST, ALEXANDER GORDON, GEo. I. 
ALDEN, E. F. C. Davis, Irvine M. Scorr, C. W. Hunt, Tos. R. PIcKERING, 
Epwin Reyno.ps, C. E. Percival Roserts, Jr., H. J. F. 
H. Batu, Jessk M. Smita, M. L. HOLMAN, W. MELVILLE, H. Man- 
NING, Francis W. Dean, E. 8. Cramp, 8S. T. WELLMAN, and W, F. DurRFEEr. 

MANAGERS. 

W. P. T. N. Evy, J. C. WasHINGTON JONEs, 
Wo. B. Coa@swELL, F. A. Pratt, B. RicHarps, 8. B. Warrine, J. F. 
LOWAY, Gro. W. FISHER, ALLAN STIRLING, GEO. H. BABcocK, 8. W. ROBINSON, 
Jno. E. SWEET, R. W. Hunt, Cuas. T. Porter, C. J. H. Wooppury, W. F. 
DURFEE, OBERLIN SmitTH, C. WortTuineton, WM. LEE CHurcn. Wo. 
Hewitt, C. H. H. A. WM. Kent, 8S. T. Wetuman, F. G. 
J. T. HAawktns, T. R. MorGan, Sr., S. W. BALDWIN, FRED'K GRIN- 
NELL, Morris SELLERS, FRANK H. Batt, Gro. M. Bonp, Wm. Forsyru, Jas. 
E. Denton, CARLETON W. Nason, H. H. WestTina@Housr, ANDREW FLETCHER, 
WorcesteER R. WARNER, COLEMAN SELLERS, JR., JAs. M. DopGe, Ropr. For- 
sYTH, JESSE M. Smit, Cuas. H. MANNING, C. W. Pusey, THOMSON, JOHN 
B. Herresuorr, L. B. W. 8. Russert, Jonn C. Karer, Cuas. A. 
Baver, ARTHUR C. WaLwortHu, NORMAN ©. STILEs, E. D. MEIER, and GEO. 
W. Dickie. 


* Died, Sept. 1, 1896. + Died, Dec. 16, 1893. + Died, May 13, 1895. 
§ Died, Ang. 6, 1895. f Unexpired term of Mr. Davis. % Died. Feb. 7. 1895. 
** Died, May 27, 1893. ++ Died, Dec. 17, 1880. tt Died, Jan. 29, 1882. 
§§ Died, Ang. 12, 1892. I) Died, July 28, 1898. 4 Died, Oct, 21, 1886. 
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HONORARY COUNCILLORS. 


Past Fresidents of the Society. 


CHARLES H. LORING..........-- Brooklyn, N. Y. 
Cuanizus EB. Bruines® Hartford, Conn. 
Worcester R. WARNER ........ | Cleveland, Ohio. 
CHARLES WALLACE IIUNT....... New York City. 


[Norg.—The former Presidents of the Society are members of the Council for life or during 
their retention of active membership in the Society.]} 


* Unexpired term of E. F. C. Davis. 
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RULES OF THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 


Art. 1. The objects of the American Socrery or MECHANICAL 
ENaINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 
sional papers, and to circulate, by means of publication among 
its members, the information thus obtained. 

Arr. 2. All persons connected with engineering may be eli- 
gible for admission into the Society. 

Arr. 3. The Society shall consist of Honorary Members, 
Members, Associates, and Juniors. 

Arr. 4. Honorary Members, not exceeding twenty-five in 
number, may be elected. They must be persons of acknowledged 
professional eminence. 

Art. 5. To be eligible as a Member, the candidate must be 
not less than thirty years of age, and must have been so con- 
nected with engineering as to be competent as a designer or as a 
constructor, or to take responsible charge of work in his depart- 
ment, or he must have served as a teacher of engineering for 
more than five years. 


Notre.—The Rules of the Society, adopted in 1880, were in force until 1884, 
when they received general revision by a careful committee, whose report, dis- 
tributed by letter ballot, was adopted November 5, 1884. In December, 1894, 
a similar extensive revision was made under direction of the Council, and the 
present rules are those of 1894. They include the amendments made in 1889, 
1891, 1893, and 1898, which were the.only changes since the revision of 1884. 
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Arr. 6. To be eligible as an Associate the candidate must be 
not less than twenty-six years of age, and must have the other 
qualifications of a member; or he shall have been so connected 
with engineering as to be competent to take charge of work, and 
to codperate with engineers. 

Arr. 7. To be eligible as a Junior, the candidate must have 
had such engineering experience as will enable him to fill a 
responsible position, or he must be a graduate of an engineering 
school. 

Arr. 8. All Honorary Members, Members, and Associates 
shall be equally entitled to the privileges of membership. Jun- 
iors shall not be entitled to vote, nor to be officers of the 
Society. 

Arr. 9. Nominees for Honorary Membership must be pro- 
posed by at least five Members who are not officers of the 
Society. References shall not be required of a nominee for 
Honorary Membership, but the grounds upon which the appli- 
cation is made must be fully set forth in writing and signed by 
the proposers. 

Arr. 10. A candidate for admission to the Society, as a 
Member or as an Associate, must make an application on a form 
to be prepared by the Council, which shall contain a written 
statement giving a complete account of his engineering experience 
and an agreement that he will, if elected, conform to the laws, 
rules, and requirements of the Society. He must refer to at 
Jeast five Members or Associates to whom he is personally 
known. A candidate for admission to the Society as a Junior 
must make an application on the same form, and refer to not 
less than three Members or Associates to whom he is personally 
known. 

Applications for membership from engineers who are not 
resident in the United States and Canada, and who may be so 
situated as not to be personally known to five Members of the 
Society, as required in the foregoing paragraph, may be recom- 
mended for ballot by five Members of the Council, after sufficient 
evidence has been secured which shall show that in their opinion 
the applicant is worthy of admission to the grade which he 
seeks. 

Arr. 11. The referees for each candidate for admission to the 
Society shall be requested to make a confidential communication 
on a form to be prepared by the Council, setting forth in detail 
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such information, personally known by the referee, as shall en- 
able the Council to arrive at a proper estimate of the eligibility 
of the candidate for admission to the Society. Such confidential 
communications shall be destroved by the Secretary as soon as 
the vote has been officially declared. 

Arr. 12. All applications for membership must be presented 
to the Council, and this body shall consider each application, 
assigning to each, with the applicant’s consent, the grade in 
the Society to which, in its opinion, his qualifications entitle him. 
The names of those candidates recommended for election by the 
Society shall be immediately printed on a ballot, and the ballot 
mailed at once by the Secretary to each voting member of the 
Society. Persons desiring to change their grade of membership 
from junior to associate or from associate to member shall make 
an application in the same manner and on the same form as thiat 
required for a new applicant. 

Arr. 13. A member entitled to vote may leave the name of 
any candidate on the ballot untouched to vote in favor of the 
admission of the candidate to the Society, or he may erase the 
name to vote against it. He shall enclose the ballot so approved 
by him in a sealed blank envelope, and enclose this envelope in a 
second envelope, on which he shall write his name, and mail the 
same to the Secretary of the Society. A ballot without such 
endorsement shall be rejected as defective. The rejection of a 
candidate by seven voters shall defeat his election. 

Arr. 14. The aforesaid envelopes containing the ballots shall 
be opened by the Council, at any meeting thereof, and the names 
of those elected shall be announced in the next meeting of the 
Society. The names. of applicants not elected shall not be an- 
nounced, nor recorded in the proceedings. 

Arr. 15. Endorsers of any applicant not elected may, within 
three months after such failure to be elected, lay before the 
Council written evidence that an error was then made. The 
Council may ther by a three-fourths vote, order another similar 
ballot by the Society, in which case thirteen negative votes shall 
be required to defeat the candidate. 

Arr. 16. Honorary members shall be elected by the unanimous 
vote of the Council, through a letter ballot, not less than sixty 
days subsequent to the proposal, a notice of which proposed elec- 
tion shall have been mailed at once by the Secretary to each 
member of the Council, 
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Arr. 17. Each person elected, excepting honorary members, 
must subscribe to the Rules of the Society, and pay the initiation 
fee before he can receive a certificate entitling him to the rights 
and privileges of the Society, and to wear the emblem appropriate 
to his grade. If this payment is not made within six months of 
the election, the same shall be void, unless the time is extended by 
the Council. The emblems of each grade of members!:ip shall be 
worn by those only who belong to that grade. 

Arr. 18. The initiation fee of a member or an associate shall 
be twenty-five dollars, and the annual dues shall be fifteen dol- 
lars, payable in advance. The initiation fee of a junior shall be 
fifteen dollars, and his annual dues ten dollars, payable in ad- 
vanee. <A junior being promoted to any other grade of member- 
ship shall pay an additional initiation fee of ten dollars. Any 
member or associate may become a Life Member in the same 
grade, by the payment of two hundred dollars at one time, and 
shall not be liable thereafter to annual dues. 

The Council shall have the power, for special reasons, by unani- 
mous vote, through a letter ballot, to admit to life membership, 
without the payment of the sum above named, such person as for 
a long term of years has been a member or an associate, when 
such a procedure would in its judgment be for the best interests 
of the Society ; provided, that notice of such action shall have 
been given at a previous meeting of the Council. 

Arr. 19. Any member of the Society in arrears may, at the 
discretion of the Council, be deprived of the publications of the 
Society, or, when in arrears for one year, he may be stricken from 
the list of members. Such person may be restored to the privi- 
leges of membership by the Council on payment of all arrears. 

Arr. 20. The affairs of the Society shall be managed by a Coun- 
cil, consisting of a President, six Vice-Presidents, nine Managers, 
and a Treasurer, who shall also be the Trustees of the Society. 

All past (ex) Presidents of the Society, while they retain their 
membership therein, shall be known as Honorary Councillors, and 
shall be entitled to receive notices of all meetings of the Council 
and may take part in any of its deliberations; they shall be en- 
titled to vote upon all questions except such as affect the legal 
rights or obligations of the Society or its members. 

Arr. 21. The members of the Council shall be elected from 
among the members and associates of the Society at the annual 
meetings, and shall hold office as follows : 


he 
| 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. X| 


The President and the Treasurer for one year; and no person 
shall be eligible for immediate re-election as President who shall 
have held that office for two consecutive years; the Vice-Presi- 
dents for two years, and the Managers for three years; and no 
Vice-President or Manager shall be eligible for immediate re-elec- 
tion to the same office at the expiration of the term for which he 
Was elected. 

Arr, 22. A Secretary, who shall be a member of the Society, 
shall be appointed for one year by a majority of the members of 
the Council at its first meeting after the annual election, or as 
soon thereafter as the votes of a majority of the members of the 
Council can be secured for a candidate. The Secretary may be 
removed by a vote of twelve members of the Council, at any 
time after one month’s notice has been given him by a majority 
of its members to show cause why he should not be removed, 
and he has been heard to that effect. The Secretary may take 
part in any of the deliberations of the Council, but shall not 
have a vote therein. His salary shall be fixed for the time he 
is appointed by a majority vote of the Council. 

Arr. 23. At each annual meeting, a President, three Vice- 
Presidents, three Managers, and a Treasurer shall be elected, 
and the term of office of each shall continue until the end of 
the meeting at which their successors are elected. 

Arr. 24. The duties of all officers shall be such as usually 
pertain to their offices or may be delegated to them by the 
Council or by the Society. The Council may, in its discretion, 
require bonds to be given by the Treasurer. 

Arr. 25. The Council may, by vote of a majority of all its 
members, declare the place of any officer vacant, on his failure 
for one year, from inability or otherwise, to attend the Council 
meetings, or to perform the duties of his office. All such va- 
cancies and those occurring by death or resignation shall be 
filled by the appointment of the Council, and any person so 
appointed shall hold office for the remainder of the term for 
which his predecessor was elected or appointed ; provided, that 
the said appointment shall not render him ineligible at the next 
annual meeting. 

Arr. 26. Five members of the Council shall constitute a quo- 
rum. Members of the Council absent from a meeting may vote by 
letter upon subjects stated in the call for the meeting, said vote 
to be deposited with the Secretary. 
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Arr. 27. The President on assuming office shall appoint a 
Finance Committee and a Publication Committee and a Library 
Committee of five members each. The appointment of two 
members of each Committee shall expire at the end of each 
vear. The Secretary shall, ea offieco, be a member of all three 
committees. 

Arr. 28. The Finance Committee shall have power to order all 
ordinary or current expenditures, and shall audit all bills therefor. 
No bill shall be paid except upon their audit. When special ap- 
propriations are ordered by the Society, they shall not take effect 
until they have been referred to the Council and Finance Com- 
mittee in conference. 

Arr. 29 It shall be the duty of the Publication Committee to 
receive all papers contributed, and to decide upon which papers 
or parts of the same shall be presented at the professional meet- 
ings of the Society. They shall see that all editorial revisions of 
the proceedings, papers, discussions, and reports are made; and 
to decide what parts of the same shall be published in the pro- 
ceedings of the Society. The Council may, at its discretion, 
revise any action of the Publication Committee. 

Arr. 30. It shall be the duty of the Library Committee to take 
charge of the collection of all material for the Library of the 
Society, and to supervise all regulations for its use. 

Arr. 31. At the regular meeting preceding the annual meet- 
ing a Nominating Committee of five members, not officers of the 
Society, shall be appointed, and this committee shall, at least 
thirty days before the annual meeting, send to the Secretary the 
names of nominees for the offices falling vacant under the rules. 
In addition to such regularly appointed committee, any other five 
members or associates, not in arrears, may constitute an inde- 
pendent Nominating Committee, and may present to the Secre- 
tary, at least thirty days before the annual meeting, all the names 
of such candidates as they may select. All the names of such 
independent nominees shall be placed upon the ballot list, with 
nothing to distinguish them from the nominees of the regular 
committee, and the Secretary shall at once mail the said list of 
names to each member and associate in the form of a letter ballot, 
it being understood that the assent of the nominees shall have 
been secured in all cases. 

Arr. 32. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents 
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to be elected. He may give all these votes to one candidate, or 
distribute them among more, as he chooses. Managers shall be 
voted for in the same way. 

Arr. 33. Any member or associate entitled to vote may vote 
by retaining or changing the names on said list, leaving names 
not exceeding in number the officers to be elected, and returning 
the list to the Secretary—such ballot enclosed in two envelopes, 
the inner one to be blank and the outer one to be endorsed by 
the voter. No member or associate in arrears since the last 
annual meeting shall be allowed to vote until said arrears shall 
have been paid. 

Arr. 34. The said blank envelopes shall be opened by tellers 
at the annual meeting, and the person who shall have received 
the greatest number of votes for the several offices shall be de- 
clared elected. 


MEETINGS. 


Arr. 35. The annual meeting of the Society shall be held on 
the first Tuesday in December of each year, in the City of New 
York, unless otherwise ordered, at which a report of proceedings 
and an abstract of the accounts shall be furnished by the Coun- 
cil. The Council may change the place of the annual meeting, 
and shall, in that case, give timely notice to members and _ asso- 
ciates. 

Arr. 36. Other regular meetings of the Society shall be held 
in each year at such time and place as the Council may appoint. 
At least thirty days’ notice of all meetings shall be mailed by the 
Secretary to members, honorary members, associates, and juniors. 

Art. 37. Special meetings may be called whenever the Council 
may see fit; and the Secretary shall call a special meeting at the 
written request of twenty or more members. The notices for 
special meetings shall state the business to be transacted, and no 
other shall be entertained. 

Art. 38. Any member, honorary member, or associate, may in- 
troduce a stranger to any meeting; but the latter shall not take 
part in the proceedings without the consent of the meeting. 

Arr 39. Every question which shall come before the Society 
shall be decided, unless otherwise provided by these rules, by the 
votes of a majority of the members and associates present, pro- 
vided there is a quorum, 
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Arr. 40. At any regular meeting of the Society thirteen or 
more members and associates shall constitute a quorum. 

Arr. 41. Unless otherwise ordered, papers shall be read in the 
order in which their text is received by the Secretary. Before 
any paper appears in the 7'ransactions of the Society, a copy of 
the paper shall be sent to the author, and, so far as possible, a 
copy of the reported discussion shall be sent to every member 
who took part in the same, with requests that attention shall be 
called to any errors therein. 

Arr. 42. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in reports of discussions, except 
in the matter of official publication with the Societv’s imprint, as 
its Zransactions. The Secretary shall have sole possession of 
papers between the time of their acceptance by the Publication 
Committee and their reading, together with the drawings illus- 
trating the same; and at the time of such reading, or as soon 
thereafter as practicable, he shall cause to be printed, with the 
authors’ consent, copies of such papers, “subject to revision,” with 
such illustrations as are needed for the 7ansactions, for distribu- 
tion to the members and for the use of technical newspapers, 
American and foreign, which may desire to reprint them in whole 
or in part. The policy of the Society in this matter shall be to 
give papers read before it the widest circulation possible, with the 
view of making the work of the Society known, encouraging 
mechanical progress, and extending the professional reputation 
of its members. 

Arr. 43. The author of each paper read before the Society 
shall be entitled to twelve copies, if printed, for his own use, and 
all members shall have the right to order any number of reprints 
of papers at a cost to cover paper and printing; provided, that 
said copies are not intended for sale. 

Arr. 44. The Society is not, as a body, responsible for the state- 
ments of fact or opinion advanced in papers or discussions, at its 
meetings ; and it is understood that papers and discussions should 
not include matters relating to politics or purely to trade. 

Arr. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present ; provided, that writ- 
ten notice of the proposed amendment shall have been given at a 
previous meeting. 
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OF THE 
NEW YORK MEETING 
(XXXVIIIth) 


OF THE 


AMERICAN SOCTETY OF MECHANICAL ENGINEERS 


November 29th to December 2d, 1898. 


THE nineteenth annual meeting of the Society, which was also 
its thirty-eighth convention, was held in New York City, during 
the interval, November 29to December 2, 1898. The formal 
gatherings were held in the Society’s cozy auditorium, but a large 
overflow gathering was always to be found in the halls and parlors, 
of those who prized the opportunity for renewing old acquaint- 
ances and making new ones, 

The first session opened on the evening of Tuesday, November 
20th, by the gathering of the members in the parlors and library 
for a species of informal reception. At about nine o’clock the 
audience was convened in the auditorium to listen to the address 
of the President, Mr. Charles Wallace Hunt of New York, which 
was heard with profound interest and attention. His subject 
was, “The Engineer : His Work; His Ethics ; His Pleasures.” 

Messrs. Bonner and Barr were appointed tellers, to count the 
letter ballot received from the membership for officers of the 
Society for the ensuing year, to render a report at the business 
session on Wednesday morning, and after announcements con- 
cerning the conduct of the meeting, the members adjourned for a 
light lancheon in the banquet room below. 
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WeEpDNESDAY, NOVEMBER 3OTH. 


The regular business session of the annual meeting of the 
Society convened at ten o'clock, in the auditorium of the So- 
ciety. The large number already registered indicated a consid- 
erable numerical success for the meeting, although the severe 
weather and storms in New England materially affected the 
attendance of members from that region. 
dened to learn of the death, by the loss of the City of Portland 


at sea, of Mr. Wm. L. Chase, one 
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There was also a considerable number of invited guests and 


ladies. 

The plan was followed of numbering the signatures on the 
official register, and providing that a lapel-badge worn at the 
convention should bear the number corresponding to the signa 
ture upon the register. Transcripts from the register were 
printed at short intervals and distributed, so that every facility 
was furnished for the members to become acquainted with each 
other. It was remarked that the social side of the meeting has 
appeared to grow stronger and stronger as an element of its 
attraction, the longer this plan is in operation. 

The first business of the general session were the reports 
required under the Rules, from the Council and its Standing 
Committees. These had been printed and were read in abstract 
by the Secretary. Their full text is as follows : 
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ANNUAL REPORT OF THE COUNCIL. 


The Council would present to the Society, convened for its 
XIXth Annual Meeting, the report of business which has been 
considered by it and of the action which has been taken during 
the year. 

Pursuant to the resignation of Mr. David R. Frazer, elected 
Vice-President of the Society by the ballot counted at the 
Annual Meeting of 1897, the Council has appointed, under 
Article 25 of the Rules, Mr. Charles M. Jarvis to act as Vice- 
President and member of the Council for the full term of two 
years, for which his predecessor had been elected. 

There was referred to the Council by the Annual Meeting of 
1897 the question of appointing a committee to consider the 
subject of Standard Pipe Unions, and to confer with similar 
committees of the American Railway Master Mechanics and 
Master Car Builders’ Asssociation. Under this resolution the 
Council appointed a committee of five, being the same committee 
who was appointed in 1885 to consider the question of Standard- 
ization of Pipe Threads. Resignations from that committee, by 
reason of business changes or absences from the country, resulted 
in the appointment finally of a different committee, consisting of 
Messrs. B. H. Warren, Chairman; Wm. J. Baldwin, George M. 
Bond, E. M. Herr, and Stanley G. Flagg. The work of this com- 
mittee has been so interfered with by the assignments of its mem- 
bers to military duty or naval appointments during the war that 
the committee has no report to make at the present meeting. 

The following letter has been received from the Institution of 
Civil Engineers of Great Britain : 

“To THE PRESIDENT AND CoUNCIL OF THE AMERICAN SOCIETY OF ME- 
CHANICAL ENGINEERS. 

‘GENTLEMEN : In view of the intended International Exposition in Paris in 
the year 1900, it has appeared to the Council of this Institution not unlikely that 
some of the members of your Society may visit Europe in a more or less organized 
party in that year, 

‘* We are desired by the Council of this Institution to say, that should such a 
step be taken, and should your members be able to visit England, the Institution 
of Civil Engineers would wish to welcome its professional brethren of the United 
States with a warm greeting, to receive them at the house of the Institution, and 
in such other ways as may be found agreeable; to take advantage of such a 
favorable opportunity of testifying their regard for the members of your Society. 

‘*We have the honor to be, 
‘Gentlemen, yours very truly, 
WoLre Barry, President. 
“J. H. T. TupsBery, Seeretary.” 
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The Secretary of this Society was directed to write to the 
Council of the Institution, acknowledging the receipt of the 
invitation, and stating that a fitting response would be made in 
due time, after the matter can be thoroughly canvassed among 
the membership. 

The Council has directed that the Society should be repre- 
sented in the conference proposed under the auspices of the 
International Association for Testing Materials. The Society 
has been made a member of this organization, by the payment 
of its yearly fee. 

A Committee has been appointed to consider and report upon 
the methods pursued in the large professional societies of 
England and the Continent in the matter of electing members 
of these societies in their several grades. It has been the 
opinion of the Council that the growth of the Society from the 
comparatively small beginnings and a limited membership to 
the present internationzl membership makes it desirable that 
the veto power upon the candidacy of engineers to membership 
in the Society should not vest in the possession of a percentage 
of the Society, which is continually growing smaller and smaller. 
The whole question, therefore, of the wise procedure, and of 
the amendment to the present rules which may be desirable to 
carry out this wise course, is under consideration by the Council, 
but no report is ready for this meeting. 

Pursuant to the papers presented by Messrs. Bryan Donkin, of 
London, England, and Mr. George H. Barrus, of Boston, and the 
resolution of the Niagara Falls Convention that a committee of 
five should be appointed to consider and report upon a “ Stand- 
ardization or Unification of the Methods of Testing Steam- 
engines,” the Council has approved the appointment of a 
committee consisting of Messrs. Francis H. Boyer, George H. 
Barrus, Bryan Donkin, D. 8S. Jacobus, and George H. Richmond. 

The Committee of the Society, consisting of Messrs. H. de B. 
Parsons and T. F. Rowland, Jr., which was appointed to serve 
with a similar delegation from other organizations to conduct a 
series of tests upon the fire-resisting properties of fire proofing 
materials, has handed in its resignation. The exhaustion of the 
funds available for the conduct of these tests, and changes in 
the conditions attendant upon them, has made it impossible for 
the Committee to prosecute further researches. 

The Council has bad to consider an application from a mem- 
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ber elected to the Member's Grade, who, after such election but 
before qualifying, had expressed a desire to change his grade 
of membership to a lower grade. While the reasons advanced 
for this desire were cogent, mainly on their financial side, it was 
the opinion of the Council that the best interests of the Society 
would be subserved by having in each grade of membership 
only such engineers as were qualified in the opinion of the 
Council to attach to that grade. It is the expectation of the 
Council, and the implied provision of the rules, that when a 
person by reason of age or experience has become capable of 
passing from the lower grade to the higher that he should take 
steps to secure this result. 

The Council would report for record in its 7'ransactions the 
following lists of deaths since the publication of its annual 
report in December, 1897: G. J. Maillefert, December §, 1897; 
B. K. Field, January 13; W. E. Stearns, May 6; Charles E. 
Emery, June 1; Edwin H. Bennett, June 27; Joel Sharp, July 
28; J. J. Schoenleber, August 4; W. H. Inslee, July 24; Henri 
Adolph E. Schneider, May 17; John C. O'Connell, July 12; 
Joseph C. Platt, July 7; F. F. Hemenway, October; H. B. 
Miller, October ; Joshua Rose, November 15, 1898. 

The Council would report the following summary of the mem- 
bership of the Society at the Annual Meeting of 1898. The list 
contains those who have been elected preceding this meeting, 
and excludes those who by prolonged failure to pay the dues of 
the Society have allowed their membership to lapse under the 
provisions of the Rules : 


The Council would also present the report of its tellers ap- 
pointed to count the ballots cast for membership in the Society 
at the Annual Meeting. 


REPORT OF TELLERS OF ELECTION. 


The undersigned were appointed a committee of the Council 
to act as tellers, under Article 14 of the Rules, to serutinize and 
count the ballots cast for and against the candidates proposed 
for membership in their several grades in the American Society 
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of Mechanical Engineers, and seeking election before the 
XXXVIIIth Meeting, New York, 1898. 

They have met upon the designated day, in the office of the 
Society, and have proceeded to the discharge of their duty. 
They would certify, for formal insertion in the records of the 
Society, to the election of the following persons whose names 
appear on the appended list, in their several grades. 

There were 471 votes cast on the pink ballot, of which 
10 were thrown out because of informalities. The tellers have 
considered a ballot as informal which was net indorsed with an 
autographic signature, or where the indorsement was made by a 
facsimile or other stamp. 

Cuas. H. Lorna, 

Tellers of Election. 
Gro. RicuMonp. 


As MEMBERS. 


Bolton, R. P. Pierce, Edward L. 
Dawson, Philip. Poore, J. B. 
Evans, Geo. H. Robinson, Jno. C. 
Fellows, Edwin R. Root, Orlando J. 
Hamilton, James. Saunders, Augustus M, 
Hewlings, Andrew J. Snow, Walter B. 
Johnson, Frederic A. Stephens, Geo. 
Johnson, Wallace C, Tejada, Juan de D. 
Locke, Wm. Warner, Adana D. 
McGuire, Jno. P. Wilkin, Jno. T. 

AS ASSOCTATES. 
Bacon, Geo. W. Smith, Louis L. 
Cushman, Herbert E. Tompkias, Saml. D. 


PROMOTION TO FULL MEMBERSHIP. 


Bonner, Wm. T. Van Derhoef, Geo. N. 
As Junton MEMBERS. 
Finley, A. D. Schaake, William. 
Hall, Robt. E. Schreuder, Andrew M, 
Holloway, Carl 8. Villere, St. Denis, J. 
Miller, Robt. 8. Walker, Fredk. W. 
Morrison, H. H. White, Harry ©. 
Patton, John H. Wood, Arthur J. 


Richmond, Harold A. 


At the close of the report of the Council, the second order of 
business was the Report of the Finance Committee, which was 
as follows: 
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ANNUAL REPORT OF THE FINANCE COMMITTEE OF THE AMERICAN 
SOCIETY OF MECHANICAL ENGINEERS, 1897-1898. 


For the fiscal year, 1597-8, the Finance Committee of the 
American Society of Mechanical Engineers would respectfully 
report to the Council and the Society the following statements 
of receipts and expenditures which have passed under their 
direction on behalf of the Society during the year beginning 
November 15, 1897, and ending November 15, 1898. 

Secretary’s Balance Sheet for the fiscal year ending November 15, 1898 : 


Dr. cr. 
To receipts for the year..... $32,406 By Cash to Treasurer... ... $32,406 8 


Itemized statement of receipts and expenditures of the Society for fiscal year 
1897-1898 : 


Receipts. | Disbursements 
Dr. Cr. 

FOO, ses $2,585 00 Reprints and Publications... $8,863 28 
ee 22,351 54, Postage and Express ....... 1,787 70 
186 17 | Office Expenses..... ....... 308 98 
Sales of Publications. ....... 1,122 Engraving...... 834 29 
Engraving ....... aeons 152 49 Binding Transactions....... 1,667 05 
Life Membership 784 97 Meetings...... 798 47 
Interest on Investment...... 1,180 00 Work of Committees........ 464 18 
Office Expenses......... miei 10 38 | Badges and Certificates ..... 587 66 
577 50 | Insurance and Safety Deposit 40 00 
59> 00) Rent, Interest, and Taxes... 4,509 35 

1,635 81) Printing, Circulars, Cata- 
10 logues, Office Forms, ete.. 1,599 00 
2 00 Stationery Supplies......... 365 34 
55 00 House Supplies and Furnitnre 656 OF 

11 70 Library (book purchase and 
Rent, Interest and Sens 02 178 85 
2 50 Janitorial Supplies.......... 131 40 
Ilouse Suppliesand Furniture 198 25 

Janitorial Supplies ...... 90 Lighting (gas and electric 

Repairs to House Furniture, 

Dues (repayment to a mem 
Total Receipts.......... $32,406 87 Total Disbursements. . . .$31,755 82 
Cash on hand first of year... 7 60 | Cash on hand to balance..... 698 65 

ash on hand, forward...... $698 65 | 


‘ 
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Of the issue of bonds, in 1890, of the Mechanical Engineers’ 
Library Association, which amounted to $32,000, the Council of 
the Society, as Trustees, held November 15th, 1897, at the time 
of the last report of the Finance Committee, $23,400, and during 
the year 189/-!8, the Council has acquired $200 additional 
bonds in payment for a Life Membership, thus making $23,600, 
so held by the Council at this date, and leaving $8,400 of said 
bonds still outstanding in the hands of the members. 

At the time of this report there remains outstanding uncol- 
lected accounts due the society at the end of the year 1897-98 
as follows : 


171 members (less than 9 per cent. of the entire membership) owe for 


9 men owe for room rent, all recent accounts. .......0......0-eeee08e 55 00 
8 non-members owe for publications purchased. 60 


Of the 171 members who owe $4,368.98, 98 men owe for dues 
of the year 1897-98 only, 33 owe dues for two years, one man 
owes for a badge, and the balance 39 men owe for over three 
years’ dues. 

Out of the 171 delinquents, 62 men have had personal letters 
written them, and circular letters have been sent the rest and 
replies have been received from 56 saying they would remit by a 
fixed date, or shortly, or else for valid reasons asking for an ex- 
tension of time to meet their indebtedness, which has been 
granted. 

This leaves only 115 men out of a membership of 1,844 who 
have failed either to pay their dues or to write us in respect to 
meeting the account against them. 

The Finance Committee takes pleasure in reporting that the 
outstanding indebtedness of $3,200.60, which the Society owed 
at the time of the last report has been entirely wiped out during 
the year just closed, and further, that all the bills of the year 
1897-98 have been paid in full with the exception of $485 due 
the printer of the Transactions, with whom wo have a running 
account, and which sum is more than covered by the cash balance 
on hand of $698.65 reported above. 
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ASSETS AND LIABILITIFS. 
At the end of the year 1897-98 


Exelusive of such property as pamphlet copies of the papers, 
office furniture, ete., which is also owned by the Society. 


Assets. 


Bonds of the M. E, L. A. held by the Council as Trustees........... $23,600 00 2 
Stock of bound and paper copies of the Society's 7ransactions, Vols. 

LXVIIL, inclusive, on hand, estimating bound volumes at $6.00 

each and paper bound at $5.00 each, the lowest prices at which 

they are ever soud. 24,107 00 


Outstanding indebtedness due the Society as itemized above, $4,486.23 ; 
estimating 75 per cent. as collectible, which is a safe estimate 3,364 67 ‘ 

Cash on hand and in Bank as reported above..................- os 698 65 if 

Liabilitie x 

Bill owed printer of 7ransactions, as explained above.............6 485 00 = 
Excess Assets over Liabilities................. . $51,285 22 : 

; The above statement of assets, moreover, does not cover the 
stereotype plates of the volumes of Transactions, nor the electro- i 
types of the cuts used in illustrating them. It covers only assets 
which are convertible under favorable conditions into cash, Nor d 
does it include office furniture and fixtures in use. ef 


MECHANICAL ENGINEERS’ LIBRARY ASSOCIATION. 


COPY OF THE ANNUAL REPORT OF THE TRUSTEES OF THE MECHANI- 
CAL ENGINEERS LIBRARY aSSOCTATION, 1897-1898, 


The summary of receipts and disbursements of the Trustees 
from November i6, 1897, to November 15, 1898, is appended. 


Secretary’s Balance Sheet year 1897-1898 : 


Dr. Cr. 

To balance on hand first of year. .$2 62 By expenditures as.... ... 
itemized below......... $3,977 41 
To receipts as itemized below...5,168 88 OR BANG... 
$5,171 50 $5,171 50 


To cash on hand,........ $1,194 09 


% 
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Itemized Statement of Receipts and Expenditures of the Association for 
Fiseal Year 1897-1898 : 


Dr. Cr. 
Receipts, fellowship fund.... $184 00 | Interest on mortgage ........$1,402 50 
TONE. 4,500 00 Insurance and safe deposit ... 10 66 
gitt of Sir Ben. Baker 18 20 | Contingencies ........ ...... 50 
Total receipts for year... . $5,168 88 | Equipment (furniture, ete.)... 12 75 
Cosh on bend Got of 2 62 Library and book purchase... 171 00 
| Total expenditures ..... .$3,977 41 
$5,171 50 | Cash on hand to balance ...... 1,194 09 


$5,171 50 
Cash on hand first of year 
1898-1899. ............$1,194 09 


All money due the Association at the end of this year has 
been paid, and all outstanding accounts against it are paid to 
date of this report. The accumulated cash balance is held in 
reserve to meet the interest charge on mortgages falling due 
January 1, 1899. 


ASSETS AND LIABILITIES. 


Assets. 
House and lot, 12 W. Thirty-first street, New York City. 65,000 00 
Liabilities. 
First mortgage held by N. Y. A. of M................. $33,000 00 
Second mortgage bonds held by members of A. S. M. E. — 8,400 00 
Second mortgage bonds held by council of A. 8S. M.E. as 
Excess of assets over liabilities. ..............ccccccccccceccee $16,894 09 


These reports called for no action and were ordered printed as 
part of the record of the meeting. 

The Secretary presented to the meeting the amendment to the 
Rules, of which due notice had been given as required, at Niagara 
Falls, The proposed amendments were as follows : 
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Article 10 is to be supplemented by the addition at its close of the following : 

‘* Application for membership from engineers who are not resident in North 
America, and who may be so situated as not to be personally known to five mem 
bers of the Society, as required in the foregoing paragraph, may be recommended 
for ballot by five members of the Council, after sufficient evidence has been 
secured which shall show that in their opinion the applicant is worthy of admis- 
sion to the grade which he seeks.” 

And the sentence in that same article which now reads, ‘‘ He must refer to 
at least five members or associates, personally known to him,” is to be changed 
so as to read, ‘‘He must refer to at least five members or associates to whom 
he is personally known.” The final sentence of the present article is to be 
similarly changed, and the words ‘‘ personally known to him” are to be changed 
to ‘‘to whom he is personally known,” 


After some discussion looking to more careful limitations of the 
territory to be included in that part of the amendment affecting 
members not resident of the United States, the amendment pro- 
posed was amended, on motion of Mr. Jesse M. Smith, by substi- 
tuting for the words “ North America,” the words, ‘‘ United States 
and Canada.” This proposed amendment having been passed, 
the motion came up on the amendment as amended, and was car- 
ried. The second amendment was then presented, involving the 
verbal change in Article 10, and on motion was carried. 

The reports from professional committees being then in order, 
the reporter for the Society's Committee on Uniform Methods of 
Testing Materials, Mr. Gus. C. Henning, presented its report, as 
follows : 

Mr. Gustavus C. Henning.—In the first place, as announced in 
the Report of the Council, I should like to state that the American 
Society of Mechanical Engineers has now assumed membership in 
the International Association for Testing Materials. I would like 
also to preface this report by the statement that it is mainly due 
to the active interest taken by the American Society of Mechanical 
Engineers that the International Association for Testing Materials 
has now taken a firm root in the United States ; that an American 
section has been formed, and that, as was to be expected, all 
those specially interested in testing materials—college professors 
and others—have actually taken part and assumed membership, 
as well as some of our largest steel works, such as the Bethlehem 
Iron Works, the Carnegie Iron and Steel Works, and the Penn- 
sylvania Steel Company ; and we understand that at a very early 
date some other large steel works will also join. The work of the 
Association, as I have explained before, is entirely of a practical 
character, There are no abstruse questions involved. The work 
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to be done is strictly in conformity with the work of the engineer 
and the relation between the engineer and the manufacturer, in 
order to facilitate means and methods for obtaining such mate- 
rials with certainty as are required and as can be furnished by 
the manufacturers, under the varying conditions existing in vari- 
ous countries or in different parts of the same country. I would 
like to emphasize this, because it has been mentioned by several 
who are not well posted that an association of this sort can lead 
to no practical results because it is composed of theorists. I 
would like to say now that the membership of the American sec- 
tion is composed, in the large majority, of manufacturers and men 
in business who have no interest in the abstruse investigations of 
the scientist pure and simple, but that the various manufacturers 
have come together to explain the possibilities of their processes 
and business methods, so as to let the engineers understand fully 
what can be expected of them ; and then, through the action and 
the discussions of this American section, there will be a small 
variety of specifications and contract requirements so as to lead 
to economies and better understanding, facilitating the execution 
of contracts in every case where manufactured materials are used. 

On behalf of the Committee, I desire to present the following: 

Mr. Keep has constructed three autograph recording ma- 
chines, to be used in connection with the work of the Committee: 

1. An autograph recording transverse testing machine. 

2. An autograph recording drill press for hardness determin- 
ations. 

3. An autograph recording impact machine, having capacity 
up to 1 by 24-inch bars. 

Tool steel bars of the following dimensions have been prepared 
to be tested by the latter: 6, 12, and 24-inch lengths; $ inch 
square ; $ by 1 inch; ? inch square, and 1 inch square ; the 4 by 
1-inch bars to be tested flat and on edge. 

The hammers for this machine are of 25, 50, 75, and 100 pounds 
weight. 

For lack of time, tle cooling curves and temperature determin- 
ation have not yet been made, but these and Mr. Keep’s new 
work will probably be presented at the next meeting.* 

Gus. C. HENNING, 
vecorder for the Committee. 


*T would, say, however, that Svedelius, a Swedish engineer, has investigated 
this same subject with use of the Le Chatelier pyrometer, using bars four inches 
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The second committee report was that on a Revision of the 
Code for Conducting Boiler Tests, which was presented on behalf 
of the Committee by Mr. Wm. Kent. Dr. Charles E. Emery, who 
had been acting as Chairman of the Committee, had passed away 
since the last meeting of the Society. 

Mr. Kent.—The Committee presents the results of its labors in 
this pamphlet, copies of which have been distributed. Af the 
annual meeting a year ago the Committee presented what was 
called the preliminary draft of the report, for the purpose of 
receiving criticisms. That preliminary draft was discussed in two 
meetings of the Society, and several written communications were 
sent in, and the discussion was printed for the benefit of the 
Committee. All the criticisms were carefully considered, and the 
result is this pamphlet before you, which is still subject to such 
revision as may be undertaken by the Committee before the date 
when it has to be handed in for insertion in the volume of the 
Transactions. There are some blanks left in the appendix, which 
will be filled in in the final pamphlet, and there are some portions 
of the printed discussion of last year that may be included in this 
appendix. Many of the points in the discussion of last year 
referred to matters which were in the preliminary draft of the 
report, and which are not in the present draft. That is, the 
criticisms were considered sound, and the objectionable parts of 
the preliminary draft were stricken out. So there will be no 
necessity of publishing these criticisms, since the thing criticised 
has disappeared. But other parts of the discussion, in which 
useful information has been given, may be put in the appendix. 

Mr. [ockwood.—As I had not seen this paper before, and I 
assume that most of the other members have not, | move that 
this be not considered until the next semi-annnal meeting, for 
action. 

Mr. Jesse M. Smith.—I do not quite see the necessity of having 
a standard method and an alternate method of conducting boiler 


long. He used the Fagersta steel, and found the very same behavior and the 
same cooling curves that we found in cast iron, only modified as affected by the 
composition of the materials. He has also identified the peculiar points in the 
cooling curves, with the points of recalescence, as determined by Osmond and a 
great many other investigators. So I think that when we finish our cast-iron 
investigation in the same direction, that we will then have a complete series of 
the changes that occur in bars of iron, using the word ‘ iron” as a generic term, 
and at the some time determining the cause of such peculiarities, 
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tests. It seems to me there ought to be one or the other, with 
certain qualifications where special boilers or furnaces are being 
tested. I have just had a discussion with some parties about 
whether a boiler test shall be made by the standard method or 
by the alternate method. It seems to me that the standard 
method, where the fire is withdrawn entirely from the furnace 
just before beginning the test, and again withdrawn at the end of 
the test, is one which is not to be reeommended. It seems to me 
that the “running test,” or that which is known as the alternate 
method, is the better of the two, and it also seems to be the con- 
clusion of the committee, judging from the foot-note applied to 
Section 8; or at least a great many engineers consider that the 
“running test” is the more reliable of the two. 

Another point in regard to paragraph 15, *‘ Treatment of Ashes 
and Refuse.” “The ashes and refuse are to be weighed in a 
dry state.” I think “ashes and refuse” should be defined more 
exactly. Certainly in a great many furnaces, and particularly 
mechanical stokers, there is a great deal of fuel that goes directly 
through the grates without hardly being charred. What is to be 
done with that fuel ? 

Mr. Kent.—The Committee will be glad to receive any sugges- 
tions from any members in regard to any further amendments 
that may be made of this report, and we will take it into consid- 
eration, and if the Committee agree to make the amendments, 
then they will make them and submit the final pamphlet for pub- 
lication in the Transactions. 

The Secretary.—At the spring meeting ? 

Mr, Kent.—It is now listed for Volume XX. We want to keep 
it open as long as it is convenient to you—that is all. 

In regard to the particular case mentioned by Mr. Smith, I 
would say that we have carefully considered all the arguments in 
regard to the standard and the alternate code. I would call his 
attention to the foot-note on page 8: “Many engineers prefer 
the alternate to standard method on account of its being less 
liable to error due to cooling of the boiler at the beginning and 
end of a test.” By putting both methods in the code, any 
engineer is at liberty to choose the one he likes best, or insert it 
in his contract. In regard to the treatment of ashes and refuse, 
it is generally understood that “ashes and refuse” is what is 
withdrawn from the boiler furnace. The ash all contains some 
coal, and the coal partially burned contains some ash, and 
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the thing needs no other definition. If any one wishes a finer 
distinction, he can make it in his own professional work. We do 
not think that paragraph should be changed. At the same time 
we are ready to receive any suggestions for change. 

I would say that the amount of labor spent on this report has 
been enormous. Before Dr. Emery died, he spent several days 
going over every criticism and suggestion. Mr. Barrus and Dr. 
Emery and I met together and went over them, and every sug- 
gestion brought up has been carefully considered and this is 
tinally the result of our combined efforts, with the written ap- 
proval of all the members of the Committee except two who have 
not objected, but they have not yet signified their acceptance. 

Protessor Hutton.—Mr. President, if I may be allowed to make 
a suggestion which you have just made in my ear, it is that the 
Committee should consider the same suggestion that was made 
at Niagara Falls in respect to the standard method of testing 
engines—that there should be incorporated into the report a 
series of blanks, in a convenient pocketbook form, which could be 
disposed of by the Society on demand for a limited price to those 
who would like to use them. I think it has hindered, to some 
extent, the convenient use of our code that the only way in which 
our standard blanks could be secured was by buying a whole 
copy of the report for which many of the engineers did not care. 
It involved transcribing of headings, etc. in making the report. 

The further suggestion of the President and one which I would 
like to commend in his name to the Society, is that the report 
should be made with blanks convenient for the metric system 
units as well as the American units. This suggestion also comes 
to us from English and continental sourees—that our report would 
be international if we make that slight addition to it. They are 
ready to make use of it in Germany and France if that addition 
is made. 

The Secretary in his own name would reply to the suggestion 
of Mr. Kent, that Volume XX. of the Zvansactions ineludes the 
Transactions of this meeting and the Z’ransactions of the spring 
meeting. In that view it might be possible to carry out the sug- 
gestion made by Mr. Rockwood that the consideration of this 
report and the action upon it should be made an order of busi- 
ness at the approaching spring meeting. It would then come 
into the 7?ransactions of this volume, and under that we need not 
decide on the action just now. 
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Mr. Kent.—There is no objection to that at all. 

It was therefore understood that copies of the revised report 
of the Committee would be distributed in advance of the spring 
meeting of the Society, with a view to action upon the report at 
that meeting, if final agreement could be secured. 

The next report was one of progress on behalf of the Commit- 
tee appointed at the Niagara Falls meeting to prepare and sub- 
mit a code for the uniform testing of engines. 

Professor Jacobus, as Secretary of the Committee, then made a 
verbal report of the work to be undertaken and of the points dis- 
cussed at the first meeting of the Committee. He stated that the 
Committee had taken no action and would not do so before com- 
municating with the foreign representative, Mr. Bryan Donkin. 
This being the case the Committee thought it best not to publish 
the verbal report at this point, but to withhold all matter until a 
preliminary report could be agreed on by the Committee and pre- 
sented to the Society for discussion. 

Mr. H. H. Suplee.—\ should like to ask if this report is intended 
to be used in conjunction with the work of the Thermal Efficiency 
Committee of the Institution of Civil Engineers, or is it entirely 
independent of it? They are working hard on this subject, and I 
believe Mr. Donkin is a member of that committee also. I think 
it was suggested at Niagara Falls that possibly this should be 
made an international matter. I would like to ask if anything 
has been done toward uniting the work of these two committees 
so that their reports will harmonize, or whether they are working 
entirely independent of each other. 

It was finally suggested by Mr. Jesse M. Smith, that the text 
of the preliminary report should be distributed in advance of the 
spring meeting to all members, that they might have an opportu- 
nity of making suggestions to the Committee before the Commit- 
tee took final action in making recommendations. 

The President then called for the report of the Tellers of Elec- 
tion who had been appointed to count the letter ballots cast for 
officers of the Society. 

The report of the Tellers was as follows : 


REPORT OF TELLERS OF ELECTION FOR OFFICERS. 
Your committee appointed to count ballots cast for officers of 
the American Society of Mechanical Engineers for the year 1898-9 
begs to submit the following report : 
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Ballots thrown out on account of irregularities................ 32 


of this latter number, 


530 votes were cast for George W. Melville for President. 


582“ <¢ Wm. H. Wiley Treasurer, 

$382 « D, Meier ** Vice-President. 

529 Edgar C, Felton ‘* Manager. 


Respectfully submitted, 


Ww. J. Bonner, | 7 of Election. 
H. Barr, 3} 

The President.—If the chair hears no objection to this report 
I will officially declare the candidates named in the report elected 
to their respective offices in the Society, their duties to begin, 
under the constitution, with the adjournment of the present con- 
vention. I will appoint an escort committee, consisting of ex- 
President Warner and ex-President Billings to conduct the Presi- 
dent-elect to the platform. 

Messrs. Warner and Billings escorted George W. Melville, 
President-elect to the platform, and presented him to the Presi- 
dent in the chair. 

The President.—1 have the pleasure of presenting to the 
American Society of Mechanical Engineers, its President-elect, 
George W. Melville, Engineer-in-Chief of the United States Navy. 

Mr. Melville, on receiving the handshake of the President, 
turned to the Society, and thanked them in the following terms : 

“ Mr. President and fellow engineers :—The announcement that 
has just been made of my election as President of our Society 
for the coming year, notifies me of an honor conferred upon me 
which I appreciate beyond all others that have fallen to my lot. 
You can readily understand, gentlemen, that in our Naval En- 
gineer Corps seniority or accident may sometimes effect the choice 
of the Engineer-in-Chief, but the position of President of our 
Society is one of which any man may well be proud, because it 
comes only as the result of your free choice. When I think of 
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the high order of talent of all our members, and of the great num- 
ber of men of the highest professional eminence on whom your 
choice might have fallen, many of whom would doubtless fill the 
chair with greater efficiency than I can hope for, the honor you 
have done me seems all the greater, and I trust you will under- 
stand how thoroughly I appreciate it. In accepting the office, 
therefore, I beg you to believe that it will be a pleasure, as well 
as a duty, to do all in my power to prove worthy of your choice, 
and I shall devote myself in every way to the advancement of the 
interests of our Society.” 

Messrs. Henning and Ashworth, on behalf of the membership, 
spoke in fitting terms of the achievements of the President, and 
of the mutual honor that was conferred by the choice of their 
chief executive. 

The President then announced that new business was in order. 

Mr. Kent rose, and made the suggestion that the Rules of the 
Society, with respect to the appointment of the Publication Com- 
mittee and which state its duties, should be revised by the Coun- 
cil. His suggestion was that it should be referred to the Council 
to consider these Rules, and whether the Publication Committee 
should not consist of seven members instead of five, and that Ar- 
ticle 29 should be amended by adding a clause to the effect that 
no paper shall be accepted for final publication in the volume of 
Transactions until it has been approved in writing as_ being 
worthy of a permanent place in the Zransactions, by three mem- 
bers of the Committee, the Secretary not to be included in those 
three. Mr. Kent’s desire was that by such amendment, at least 
three members of the seven should have every paper prominently 
brought before them before it is accepted for final publication. 
He hoped that in this way the Zransactions might be purged of 
what he considered bad engineering literature, such as is some- 
times presented in pamphlet form at the open meetings. 

Messrs. Wiley, Henning, Parsons, and Rockwood, spoke in ex- 
planation of the present methods and policy of the Publication 
Committee. 

On motion, the general subject presented by Mr. Kent was re- 
ferred to the Council. 

The advisability of arranging for meetings of individual mem- 
bers of the Society during the interval between the annual meet- 
ing in the winter and the spring meeting six montlis thereafter, 
was presented by Mr. Halsey, as follows: 
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Mr. FI. A. Halsey.—tThere is a considerable feeling in the 
Society to the effect that there is quite a reservoir of talent 
available to the Society that is not drawn upon for the benefit of 
the 7ransactions, namely, the younger element of the Society. The 
feeling is that, largely due to timidity, an element able to sup- 
ply good papers holds itself back and does not do it, a situation 
which has been intensified through one or two unfortunate cireum- 


“sat down 


stances—papers from this source having been unduly 
upon,” in several cases in discussion, and there is quite a feeling 
that something ought to be done to counteract this situation and 
to encourage the writing of papers by this element. The feeling 
is that there are a good many of the younger element who are 
sapable of making good investigations and presenting them in 
creditable form. One plan that has been suggested is that special 
meetings should be held, to be called Junior meetings, to be de- 
voted to these younger members of tlie Society, the proceedings 
of which should be in their charge, and which might or might 
not be incorporated in the 7ransuctions. I am not prepared to 
make a motion, but I know that there are others who feel the 
importance of the matter as I have outlined it, and if so disposed 
they can present a motion. 

On motion of Mr. Baldwin, the subject of providing for such 
extra gatherings, to be under the management of the Junior mem- 
bership, if this were possible, was referred to the Council for it 
to take such action in the matter as seemed desirable. 

There being no other or new business presented from any of 
the members, the docket of professional papers was taken up, and 
the two papers on “Strength of Fly Wheel Rims,” by Mr. A. K. 
Mansfield, and on the “ Bursting of Small Cast Iron Fly Wheels,” 
by Prof. Chas. H. Benjamin, were presented and read and dis- 
cussed. Participants in the debate were Messrs. Jacobus, Suplee, 
McBride, Cary, Frith, Fritz, Henning, Webb, Jesse M. Smith, 
and Van Derhoef. 

The usual luncheon was served in the lower room at the con- 
clusion of the discussion, in order that members might not have 
to leave the house in the middle of the day, but might remain for 
social and other opportunities during the afternoon, before 
undertaking matters of business which it might be their personal 
desire to see to. A committee of New York members was on duty 
to see that members were introduced to each other. In the later 
afternoon, by arrangements perfected through Mr. J. W. Lieb, 
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Gen. Manager, the members were welcomed at the Duane Street 
Edison Lighting‘and Power Station. 

In the evening the annual reception tendered by the New York 
members to their guests was held in the new ballroom and ante- 
rooms at Sherry’s, Forty-fourth Street and Fifth Ave. The 
President, Mr. C. W. Hunt, with his wife, received the members, 
and after the Officers’ Reception, supper, dancing, and other 
social pleasures completed the evening. 


Session. Morninc, DECEMBER IsT. 


This session was devoted to professional papers. Those allotted 
were, “ Theory of the Moment of Inertia,” by Prof. C. V. Kerr ; 
on “Certain Improvements in Steam Boilers,” by Mr. W. B. 
Le Van; on the “ Generation and Utilization of Steam by the 
Lykens Valley Coal Company,” by R. Van A. Norris; on the 
“Valve Gear of the Willans Engine,” by John Svenson ; on 
“ Methods of Testing Indicators,” by D. $. Jacobus ; on “ Varia- 
tion of Belt Tensions with Power Transmitted,” by Prof. W. S. 
Aldrich. The paper of Mr. J. H. Vail on “ Cooling Tower and 
Condenser Installation,’ postponed from the previous session, 
was also read at this meeting. 

Participants in the debate on the above papers were Messrs. 
Kent, Kingsbury, Bryan, Dean, Walworth, Rockwood, Allison, 
Wheeler, Ashworth, Suplee, Snell, Meyer, Jesse M. Smith, Hal- 
sey, Bole, Barth, and Oberlin Smith. 

The Secretary presented an invitation, on behalf of the Engin- 
eers’ Club, that the members of the Society should be its guests 
at an exhibition of lantern slides taken from photographs during 
a hunting trip for large game in South Africa, together with 
other invitations and announcements of courtesies extended to 
the meeting. 

After luncheon Mr. b. C. Batcheller, pursuant to invitation, 
presented an illustrated description of the pneumatic tube system 
in use in New York City for the distribution of mail packets from 
the General Post Office. The description of his apparatus was 
illustrated with lantern slides upon the screen, and was listened 
to with great interest. 

At the close of Mr. Batcheller’s lecture, Mr. R. W. Hunt, on 
request of the President, made himself the mouthpiece of a 
triendly conspiracy, whereby the friends of Mr. John Fritz had 
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secured from him the handsome three-quarter length oil portrait 
of himself, which he had been persuaded to present to the 
Society, but which it had been his desire to hang upon the walls 
of the auditorium without formality. The many friends of Mr. 
Fritz, felt, however, that it was more fitting that this pleasant 
event should be a public one also, so that the portrait had been 
secured and hung on the walls, properly veiled. At the conclu- 
sion of Mr. Hunt’s genial remarks the veil was withdrawn and the 
members had the pleasure of seeing how successful the artist had 
been. It was left for the Council to take formal action in recog- 
nition of Mr. Fritz’s gift to the Society. 

The members, at the conclusion of this presentation ceremony, 
adjourned to the car house of the Metropolitan Traction Com- 
pany, where special cars were assigned to the party for their 
transportation to the General Post Office. The Traction Com- 
pany added to the courtesy of providing for the Society by car- 
rying the party without charge for fare. After the visit to the 
Batcheller Pneumatic Tube System the party broke up into indi- 
vidual groups. 

No assignment was made for Thursday evening in any official 
way, and many members attended the gathering at the Engineers’ 
Club or amused themselves in their own preferred way. 


Session. Fripay Morninc, DECEMBER 2D. 


The professional papers of the morning were those by Messrs. 
R. 8S. Hale on the “ Calorifie Power of Weathered Coals”; by 
Mr. W. H. Bryan, on “ A Mechanical Plant of a Modern Com- 
mercial Building” ; and by Prof. R. C. Carpenter, “ Experiments 
on the Flow of Steam Through Pipes.” Besides this, a paper by 
Mr. Chas. H. Newcomb, detailing tests on flow of water through 
hydrants, was presented in manuscript, with a limited number of 
its illustrations. 

The participants in debate were Messrs. Dean, Kent, Christie, 
Jesse M. Smith, Geo. Hill Bolton, George H. Hill (by invitation 
of a member), and William Kent. 

At the close of the professional papers certain queries which 
had been submitted were presented for discussion. Messrs. 
Woolson, Newcomb, Suplee and Kent presented their views in 
reply to the query, “Does it Pay to Pickle Ordinary Castings” ; 
Messrs. Fickinger, Souther, and Kent discussed the meaning of 
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the term, “Seamless Tube”; Messrs. Jackson, Kent, Jesse M. 
Smith, and Halsey gave their views on the question on “ On how 
Small a Tool does it Pay to Put an Individual Electric Motor.” 
Messrs. Newcomb, Cary, Durfee, Sanguinetti, and Dallett dis- 
cussed the subject of ‘“‘ Machine Shop Floors.” 

This completed the regular order of business, and at its end 
the Secretary asked that a motion might be passed tendering 
to the Metropolitan Traction Company the thanks of the Society 
for the courtesies enjoyed at its hands on the occasion of their 
visit to the pneumatic dispatch tube system on Thursday after- 
noon. 

The President expressed to the meeting his sense of apprecia- 
tion for the kindnesses and consideration which had been shown 
him during his term, and handed the gavel to his successor, 
present with him on the platform at the hour of adjournment. 
The motion to adjourn having been put and passed, the meeting 
ended. 


It may be added that by a vote of the Council at a meeting 
held after the adjournment of the general meeting, the city of 
Washington, D.C., was chosen as the place for the spring meet- 
ing of the Society next to follow. 
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ANNUAL ADDRESS OF THE PRESIDENT, 1898. 


Forming a part of Volume XX. of the Transactions. 


BY CHARLES WALLACE HUNT. 


Tr has been the custom of this Society for the President to 
deliver a formal address at the end of his term of service. This 
practice, like other acts which continue long enough for the 
establishing of a custom, must have good reasons for its exist- 
ence, although they may not be fully appreciated either by those 
who established or by those who follow the custom. 

The duty which devolves upon me this evening was first en- 
tered into as a task, but it grew to be a pleasure, as the growth 
and importance of the functions of the engineer became evident 
on every side, as we study them in our national development, in 
our industries, and even in the comforts and the luxuries of our 
daily life. 

Each one of us looks out upon the same world from a different 
standpoint, and each sees the same general scene, but the scope 
of the view and the details observed will vary to a greater or a 
less degree, depending upon our particular position. In addi- 
tion to this, each, as it were, looks through a colored glass which 
gives a personal tint to the scene, colored by the effects of our 
environment, as well as by our personal temperament. 

Could we combine all these various pictures, large and small, 
which are presented to our view, with all their varied tints, we 
would obtain a kind of composite image, which would be a mor 
accurate and probably a more pleasing representation of the 
real subject than any one of us sees individually. <A senior, 
who has travelled the rugged path of life, should be able from 
his experiences on the way to select such views as would be 
both useful and pleasant for a junior to consider as he starts 
out on a similar journey. The interest of our annual meeting 
is heightened, and an intellectual pleasure is given us, when one 
of our body presents to the others those subjects which seem to 
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him important and interesting, that all may compare them with 
the view as seen from their own standpoint. As we pass from 
subject to subject, each will combine the picture presented with 
his own personal conceptions, giving, as it were, a stereoscopic 
effect, each one gaining 1 wider and a clearer view. In making 
this survey we will first consider those matters which immedi- 
ately concern engineering practice, and then pass on to wider 
fields and subjects of more general interest. 


The Word * Engineer.” 


In order that we may proceed in harmony of thought, we must 
use words in the same sense. Let us, then, first consider what 
we mean by the word “ engineer ”—not what it meant historically, 
but what it has come to signify in the active world of to-day— 
and try to bring our individual conceptions of this meaning into 
harmony each with the other. Following Tredgold, I have 
herein used the word “ engineer” in the broad sense of one who 
is skilled in the application of the materials and forces of nature 
to the uses of man. 

Considered in this broad sense, the engineer is interested in 
every investigation and discovery in the whole realm of nature. 
Experience has shown that every field is tributary to his work. 
The theoretical abstraction of yesterday becomes a demonstra- 
tion to-day, and to-morrow it is the task of the engineer to apply 
it to the uses of man. The new discoveries of materials, of 
forces, and cf laws which now succeed each other so rapidly, 
make a corresponding increase in the range of the work and the 
responsibility of the engineer of this present day. 


Engineering Practice. 

That we live in an age of changes is at once our opportunity 
and our pleasure. Some of these changes burst upon us, attract- 
ing universal notice, while others come so slowly that they are 
almost unobserved. A change of the latter character has been 
taking place of late years in the work of professional engineers. 
This has largely come from the development of our manufactur- 
ing institutions from the position of being a minor factor in our 
economic life to being one of commanding importance, and the 
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necessary employment of skilled engineers to conduct their 
technical affairs. 

The engineer of the user and the engineer of the maker have 
widely different duties. Consider how different may be the in- 
formation required in practice by two classmates, whom we will 
designate as “A” and “ B,” who graduate from college as engi- 
neers. We will suppose that “A” secures a position in the 
engineering department of a city, and commences his work, which 
may be the designing of a new water-pumping station. His 
college course has fitted him for the work. His text-books were 
suited to problems of this character. He finds abundant infor- 
mation on all branches of the subject, in data published in the 
proceedings of scientific societies, in technical literature, and in 
annual reports of city departments. The forms of contracts 
to be entered into are at hand, all found elaborately drawn, with 
every point safe-guarded, and need only a little selection and 
adaptation to suit his case. ‘They place in his hands the power 
to decide absoluiely and without appeal all questions which 
may arise in carrying out the work. 

“B” obtains employment in the engineering department of a 
manufacturing corporation, which in due time is to submit a 
tender for the construction of the pumping plant for which “ A” 
has issued specifications. He will find that the form of contract 
proposed by “A” has many mipute and carefully worded 
clauses to bind and limit the supplier. The tender to be sub- 
mitted for the execution of the work must in its scope and word- 
ing protect the interests which “B” represents, not only in a 
general sense, but in every one of the clauses of the proposed 
contract. Every obscure phrase and every adjective used by 
“A” must have definite consideration and be clearly defined 
in both an engineering and a legal sense. “B” here finds that 
the information derived from his college course is meagre, and 
there is no technical literature which he ean use, either as a 
general guide for making a form of tender, or the proper ex- 
pressions to use to define or limit the obscure clauses or words 
found in the specification. 

Looking at the subject from a purely technical point of view, 
ve see quite as great a variation in their work. In the case 
supposed, “ A” would require only a general knowledge, while 
“B” would require the most thorough and exhaustive informa- 
tion of the qualities of constructive materials, and shop practice 
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available in that particular location. The farther we carry the 
comparison of their work, the more clearly it is seen that the 
educational needs are becoming more and more complex, to 
correspond with the growing specialization of engineering work. 


Practice Abroad. 


There is another phase of engineering practice represented 
by the duties of * A” and “ B” which now becomes interesting, 
if the work of American engineers is to take the place in the 
world at large to which the indications now so plainly point. 
In other countries it is a common practice for “ A” to make all 
the general designs and all of the details for engineering work, 
and the supplier has no responsibility for either, or for the 
efficient working of the plant when completed. If errors or 
omissions are found in the drawings or specifications, the cost 
of the changes required is paid by the purchaser, in the usual 
bill for extra work. In this case, the duties of “A” are exhaus- 
tive, and those of “B” are small or disappear altogether. 


American Practice. 


The American practice is tending to the method of making 
the requirements issued by “ A”’ of a general character which 
will cover the results sought, and leave to the supplier, “ B,” 
the work of designing the particular means to accomplish the 
desired end. Business has become of such a magnitude and 
so complex that one mind cannot fully grasp and_ readily 
handle the new discoveries, new materials, and new practices 
which now come so rapidly. For efficient and economical 
results, each phase must be handled by an expert. 

There will be many “ B” engineers to respond to the require- 
ments of “ A,” and each will present for consideration different 
ideas, different materials, and different shop practices. “A” 
must select, from these various plans and details submitted, 
the one which best promises to fulfil the requirements. It is 
a division of labor between “A” and “ B,” each of whom, by 
tastes and training, is especially fitted for his part of the work. 
We may paraphrase their duties by saying that “ A” is a judge, 
“B” is a counsellor. 
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Post-Graduate Work. 


At the present time we cannot expect our technical schools, 
painstaking and perfect as they are, to fully prepare both “A” 
and “B” for such new and varied duties, or even to have their 
instruction in engineering fully abreast with the latest practice, 
or at least not until progress in the arts and sciences has sub- 
stantially ceased. It takes time for a new practice or a new 
result to be recorded, published, considered, and adopted by 
the teaching staff. 

This difference between the teaching and the engineering 
practice of the day is not only an indication of progress in 
engineering, but in some measure is an index of its rate. The 
student, then, must expect, as a normal proceeding, to supple- 
ment his graduating acquirements by practical experience, 
together with a personal contact with his professional breth- 
ren, in order to place himself fully abreast of the times, 
and to be fitted for the most effective and useful engineering 
service. 

Engineering theory and practice are rapidly extending with 
the general advancement of our economic interests, and the en- 
gineer, whether he be a young graduate or otherwise, who does 
not make use of the modern aids to information, among which 
are to be counted scientific societies, and a personal association 
with his brethren, with the innumerable hints and suggestions 
which come from these, will soon be found struggling with what 
seems to him adverse fate, but what, in reality, is inferior knowl- 
edge, behindhand knowledge, or, plainly speaking, ignorance 
greater or less. The engineering world has passed by him, 
and he must then view the working out of the law of the sur- 
vival of the fittest with what grace he may. 


Laboratory dD velopment. 


An interesting development in the engineering world of the 
present day is the rapid growth of the experimental equipment 
of our colleges and technical schools. There seems to be no 
limit to the expense and the completeness of the illustrative 
and experimental machinery which is being installed for the 
instruction of the students of these institutions. And not less 
valuable is the learning, industry, and skill of the professors 
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in charge of and directing these schools, whose theoretical 
acquirements are supplemented by being in constant per- 
sonal touch with the industrial and economic interests of the 
country. 

It is possible that by an organized effort the magnificent 
equipment of trained professors and experimental apparatus 
could be brought in closer touch with each other, that to a 
material extent their work and investigations might be made to 
proceed on a predetermined plan. This would broaden their 
field of experimental investigations, lessen the duplication of 
work, systematize the publication of results, and more rapidly 
extend our growing fund of accurate engineering data. 


A Helping Hand. 


The engineering and scientific work of to-day uses one or the 
other of two systems of metrology,—the English or the metric. 
The discussions of the relative importance and the desirability 
of these systems of weights and measures are frequently interest- 
ing, and may to some extent be useful in familiarizing the terms 
and making easier the conversion of quantities from one system 
to the other. Practical engineers can, however, lay aside aca- 
demie discussions on the advantages or disadvantages of either, 
and recognize that the two great systems of metrology are each 
used by great engineering nations to the practical exclusion of 
any other, and they may safely assume, without discussion, that 
they are not likely in the near future to be changed in any ma- 
terial way by those using them. 

It is espeeially desirable that English-speaking societies shall 
give every practicable aid to engineers using the metric system 
of measures, that the work of their engineers may be readily 
available and with the least possible trouble in making conver- 
sions of quantities from the English to the metric system. Such 
computations are always troublesome to perform, and distract- 
ing to the mind when undivided attention is required by the 
subject matter of the article. If the numerical expression in 
English measures is followed in a parenthesis by the exact 
metric equivalent, the article is practically translated when 
printed, as most engineers using the metric system read the 
English language, although they may not speak it, or readily 
make numerical conversions. The greater the availability and 
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the publicity given to the published proceedings of a scientific 
society, the more nearly has the society accomplished the chief 
object of its existence. 


An Extending Field. 


It has long been evident that we were making rapid progress 
in perfecting our manufacturing machinery, as well as organiz- 
ing and developing our industries, thus constantly increasing ° 
the efficiency of our labor, until we have reached a point where , 
an hour’s labor with its facilities produces more of our principal : 
products, and transports them farther, than an hour’s labor will 4 
do in any other part of the world. 

The late war has revealed to us the fact that we have gone on 
reducing the cost of our products, and increasing our capacity : 
for production, until our country alone does not furnish a suffi- a 
cient market to insure steady work for our labor, and prosperity 
for our merchants and manufacturers. Like confined waters, the a 
tendency of these increasing economic forces has been to break f: 
out from their confinement and equalize trade conditions by . 
seeking a market in the world outside. If articles which are 
necessary to supply the wants of man can actually be made here es 
with less labor and cheaper than elsewhere, here they will surely iu 
be made, though it modify our traditional ideas of isolated posi- 
tion, and our protective theories. 

One hundred years ago the iron trade of Sweden was greater 
than that of England, and remembering the great changes which 
have taken place in the last hundred years, it would be rash to 
assume that the momentous economic changes which are now 
taking place, may not cause an equally great shifting of the 
centres of more than one phase of industrial activity. 


Scientific Societies. 


Every age has produced most ingenious and able engineers 
and mechanicians, as is conclusively shown by specimens of 
their work. Many of these have been preserved and handed 
down to us, causing us to wonder at their skill when we con- 
sider the limitation of materials then available, and in their time 
the paucity of exact knowledge of the laws of nature. But the 
special knowledge and experience of those masters in the art 
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practicaliy disappeared when death claimed the originators, 
as only a small portion usually remained in the minds of the 
pupils, and but little of this was transmitted to posterity. It 
was only when scientific and technical societies for the preserva- 
tion of accurate records had developed, in the fulness of time, 
making all the world pupils, that the valuable knowledge so 
laboriously obtained was preserved and handed down to those 
who, sooner or later, could utilize it for the comfort and the 
advancement of mankind. 

These lately developed scientifie societies, which are so 
prominent a feature of the presen: age, were organized for the 
discovery and the universal diffusion of scientific knowledge, an 
object entirely different from that of all mediwval guilds and 
trade organizations. At first they were largely philosophical, 
discussing theories and experiments which at the time appeared 
to the community at large to have little or no direct bearing on 
the practical affairs of life. 

The members presented to the society the results of their 
investigations and experiments, in the form of written papers, 
making them permanent records to be consulted and made avail- 
able by others who were contemporaneous or who would succeed 
them. This was the vital germ which was to develop and elevate 
science and its applications in industrial work in succeeding ages. 
These societies thus became, so to say, the savings-banks of our 
civilization, the repositories and guardians of the results of in- 
vestigations, experiments, and experience that otherwise would 
have been lost to the world. 

As industrial interests became more important, other societies 
sprang up, each devoted to some particular phase of scientific or 
technical work ; each gathering, selecting, and recording data, not 
alone for their members, but to become permanent additions to 
the general fund of scientific and engineering knowledge. The 
growth of these societies has been accompanied by a gradual de- 
crease of secret methods of manufacture, formerly so prominent, 
but which have now practically disappeared in our industries. 
Manufacturing supremacy is now decided by other factors. 

The advance made in the accumulation of useful data and 
more accurate knowledge in practical engineering gained one 
season, 1s presented to a scientific society the next, and still 
later it will be embodied in text-books for the instruction of 
students who are soon to take our places and carry on our work. 
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Until attention is called to the subject, we are not likely to real 
ize that, in their essential parts, the great bulk of the engineer 


ing data available to us now has been first presented to a sci- 


entific society, and there permanently preserved until the time, 


came for its utilization or application. It is this great fund of 
information, principally accumulated during the last century, 
that we draw upon for the materials for our text-books, our 
veneral treatises, and our engineering hand-books. 


Turning now to the effeets of this accumulation of scientific 
data and literature available to all alike, and the results follow- 
ing its application by organized methods of procedure, our first 
glance will show prominently the wonderful and rapid increase 
of the importance of enginecring in our industrial life. It has 
transformed almost every phase of it, and put into our hands 
materials and processes which make the actual life of our im- 
mediate ancestors seem primitive by comparison. 

Commencing under adverse conditions and developing in a 
field of restricted capital, with scarce and high-priced labor, 
engineering in America has apphed the forces and materials of 
nature to the uses of man in a characteristic way. Freedom 
from medieval traditions and the hampering conditions found in 
the older countries left them substantially free in the choice of 
means to accomplish their end. Influenced as our engineering 
has been by the experience and the work of other parts of the 
world, yet we cannot escape the fact that its development was 
essentially independent, and in some phases unique. 

Improvement has followed improvement in technical matters, 
profits and savings have been added to the capital invested in 
our industries, until our country, two hundred years ago an 
untraversed wilderness, one hundred years ago a_ struggling 
nation—-struggling with industrial difficulties and serious po- 
litical problems—has triumphed over those early limitations, 
and has developed into a nation which in numbers, prosperity, 
and wealth takes a prominent position among the great nations 
of the world. 

The Advent of the Engineer. 


Whichever way we turn, we behold marveilous changes, which 
have followed the advent of the engineer on the scene. <A view 
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of one subject will in a measure serve to represent these changes, 
and to recall similar illustrations to your minds which differ 
from this only in degree. 

It is but a few years, well within the memory of men now 
living, that our navy and all the other navies of the world were 
composed of sailing ships. In one of these vessels a mechanical 
germ was introduced in the form of a steam engine and an 
engineer. The grave question soon arose as to what should be 
the status of the new intrusion into the personnel of the ship, 
the engineer. This factor, which was soon to revolutionize the 
navy, was considered unimportant at that time, as is shown 
by the first’ official record on this subject in the Navy Depart- 
ment at Washington, stating that it would seem that such 
persons should be exempt from the penalty of corporal punish- 
ment. 

The engine grew in size with each succeeding vessel, and as 
it increased, the sails correspondingly shrank, until finally they 
disappeared altogether. Other mechanical germs also found a 
lodgment in the ship, which have so developed that hydraulic 
and pneumatic pressures are produced, and electric currents 
are generated and distributed, to govern the rudder, hoist the 
anchor, ventilate the compartments, energize the combustion, 
revolve the turrets, train and control the guns, handle the am- 
munition, and purge the ocean’s water of its impurities, making 
it wholesome for the ship’s use. 

Following these in quick succession came incandescent lamps 
and search-lights, breech-loading and rapid-fire guns, multi- 
charge automatic guns, and mobile torpedoes—one mechanical 
appliance rapidly following another, until the ship-of-the-line, 
which but just now embodied the result of hundreds of years of 
thought and experiment, has been completely transformed from 
keel to topmast into a vast machine, controlled and operated, 
even to the least important function, not by sailors, but by 
mechanicians. 

In every phase of our industrial life the changes wrought 
by the engineer are quite as evident; for instance, note the 
marvellous changes in the manufacture of steel,—in the 
development of electric locomotion,—in iron building con- 
struction,-in machine tools,—in agricultural implements,— 
in sewing-machines,—in textile industries,—in electric me- 
tallurgy. 
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Ilis Work. 


The life of the engineer has a full measure of the labors, the 
trials, the discomforts, and the disappointments which are 
found in this as in every other walk of life. But it also has 
the successes which come from well-directed labors.” It is not, 
however, either the useful work in itself, or what are called the 
successes of life, which brings happiness. It is man’s ideals 
which make him happy. 

Let us together survey some of the surrounding influences 
which tend to give high ideals of life to the engineer, no matter 
what the trials or the vexations of the moment may be. We 
will pass in review the interesting character of his daily work, 
his pure-minded associates, the higher pleasures of life, and the 
fascinating scenes by which he is surrounded. We will then 
better appreciate with what elevated emotions a father can lead 
a son, or a teacher his pupil, to the path of an engineering life, 
and place in his hands the mathematical, chemical, and physical 
implements to enter upon a work which will bring to him use- 
fulness, pleasure, and honor. 

Whichever way engineering may develop as time rolls on, its 
elevating influences are constantly at work on the mind and on 
the character. The work is carried on under unchangeable 
laws, which must be rigorously applied and adhered to, or 
failure is sure to result. Man builds to master, to resist, or to 
guide the forces of nature. If he has rightly judged the condi- 
tions, his work stands as a permanent monument of the fact ; 
but if otherwise, the irresistible laws of nature will develop the 
defect and discover his ignorance, incompetence, or error to 
every observer. 


Researches. 


Hence he laboriously seeks out the unseen laws and forces 
of the universe, then expresses the revelation in a workable 
iorm for his daily use. He tests his materials with painstaking 
refinement. He measures electric resistances with an accuracy 
now reaching the point of one in four millions, —time to the one- 
millionth part of a second ;—divides a circle with a mean error 
not exceeding the one-millionth part of the circumference ;— 
makes surfaces six inches square with a variation from absolute 
flatness of less than one two-hundred-thousandth of an inch, 
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and parallel within one second of are ;—rules lines which vary 
from absolutely perfect spacing by only one three-millionth part 
of an inch ;—measures his optical work with a wave-length of 
light as a unit of distance, and handles this unit of the one 
forty-thousandth of an inch as easily as a mechanic handles a 
rule ;—sees clearly the spectrum of samarium when one part 
is diluted with three million parts of lime ;—and surveys lines 
eleven miles long, in the open air, with an average variation 
in three measurements of only four-tenths of an inch. 


His Ethies. 


The effect of living and working in such a sphere of action, 
where it is inconceivable that an engineer could knowingly be 
otherwise than exact in his work, should tend to influence the 
whole trend of his life and character, and make them to a 
greater or less degree a reflex of his daily work. He of all men 
has the most unchangeable and exalted basis for his ethies— 
the clearest of all knowledge of the disastrous resuits which 
will surely follow the violation of law. The very qualities of 
his mind which make his work a pleasure and a success will all 
tend to bring his every act into compliance with the inexorable 
laws of the universe. If it is otherwise, and his conduct is not 
guided by, and his ethies are not in accordance with the laws 
of right doing and right thinking, then, and to that extent, he 
is not an engineer—not one who is skilled in the application 
of tie laws and the forces of nature to the uses of man. 


His Pleasu rea. 


it is with hesitation that I ask you to contemplate the pleas- 
ures of life enjoyed by those whose daily walk is thus sur- 
rounded. Words fail to describe the exquisite pleasures and 
the noble aims which are inspired by the contemplation of the 
wisdom and beneficence of the laws of the universe, which 
the diligence of man has revealed to us. Who can estimate the 
satisfaction which comes to the mind of the engineer from the 
knowledge that his work, the fruit of his investigations, and 
the wisdom of his decisions will be judged, not by fallible 
human methods and its caprices, but by the infallible and immu. 
table laws of the universe ! 
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Then consider the pleasure which comes from working in the 
open air, in the broadest light, where every interested one can 
see his difficulties, his investigations, his adaptations, and 
finally, if God has given him ability equal to the task, his solu- 
tion of the problem. When victory comes, he is given the 
honor due to the work in unstinted measure, and he can accept 
it with propriety and count the commendation as one of the 
pleasures of life. 

It is inspiring to the earnest engineer to feel that the actual ~ 
workings of his mind, and his inner and fundamental conception 
of the forces of nature, of resistances, of materials, of workman- 
ship, will be shown in his works as in a inirror. loebling, 
Ericsson, Sir Benjamin Baker, and Edison have worked, as it 
were, in a glass house. Their thoughts and judgments are a 
shown to all the world, not by inadequate words, but in the +4 
works of their hands —the Brooklyn Suspension Bridge,—the s 
turreted Monitor,—the Forth Bridge,—the quadruplex tele- 
graph,—the enclosed filament whose electric conductivity in- yi 
creases with the current. 

Then he has the gratification to the mind which is found in 
comprehending and intellectually seeing, as clearly as in a dia- 
gram, the theoretical lines of the forces in a structure, and 
then clothing those lines with materials of strength and re- 
sistance, to make them realities, and adapted to do the every- 
day work of life. The Brooklyn Suspension Bridge by Roeb- 
ling shows an almost ideal correspondence of the two, so that 
it may represent either theory or practice, depending on which 
way at the moment he chooses to look at it. Again, he 
uses a system of weights that cannot be seen or handled, the 
purely intellectual atomic weights—yet the rock under our feet 
is not more firm and real than is the work done with these in- 
tellectual aids. 


Hlis Environment. 


Working in a field and in touch with a body of his fellow-men 
having similar tastes, he sees on every hand scenes of engross- 
ing interest—the telescope photographically recording the po- 
sition and motion of stars which no human eye has ever seen,— ae 
the spectroscope analyzing the materials of the sun and stars bee 
with all the accuracy which it would show if the articles were 7 
in the laboratory,—looking with Roentgen rays through a double- 
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barrelled rifle, and seeing not only the leaden bullets within the 
steel barrels, but also the wads and the charges,—and photo- 
graphing lines in the ultra-violet and infra-red spectrum far 
beyond the reach of our vision. 

He stands by a quartz filament galvanometer which indicates 
an electric current so minute that if it should be increased in 
magnitude eight hundred thousand times it would still be only 
the one-millionth part of an ampere; and on the other hand, in 
contrast, sees the Niagara electric generator of five thousand 
horse-power, with a current so much larger than that of the 
galvanometer that the difference can only be expressed mathe- 
matically, not in colloquial language. He sees with entrancing 
interest the liquefaction of hydrogen at a temperature of only 
twenty-three degrees centigrade above absolute zero,—and, again 
in contrast, sees what promises to be a rosetta-stone in astral 
analysis, in the precise correspondence of the spectrum of the 
star gamma Cygni and that of the chromosphere of the sun. 

He shares in the enthusiasm at the results of two years of 
unremitting work in the extreme part of the known spectrum in 
isolating a new element, monium,—in the Hertz electro-mag- 
netic waves now applied in wireless telegraphy,—in the newly 
discovered element polonium, whose radiations make the air 
through which they pass a conductor of electricity. 

More nearly touching him personaily comes the work of the 
biologist, whose quest for the thing we call life has continued 
from the primitive man to the present time. Constantly flit- 
ting from his grasp, it has seemingly passed from fire and 
storm to mountain and deep, from animal and plant to flower, 
to seed, to cell, and now it has been followed to the molecule 
or the atom ; and yet it as completely eludes his grasp, or even 
his comprehension, as ever it has. But followed it certainly 
has been, by all the laws and forces of nature at the command 
of man, until the search for it is now in the atom, a space 
physically so small that only the trained imagination can even 
faintly comprehend its minuteness. 

And there, on the outskirts of this unexplored world, stands 
man, with spectroscope and polarized light, peering into the 
sphere of action which we call an atom, well knowing that 
therein lie wonderful forces, activities, and at least the effects of 
that mysterious entity, life itself. He sees a field for investiga- 
tion so fraught with possibilities, so infinitely beyond the com- 
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prehension of any conception which we can form of the capaci- 
ties of the human mind, that he stands gazing into the abyss 
with the same devout wonder and awe as does the astronomer 
when viewing the illimitable heavens. The two are standing, as 
it were, back to back, and each is gazing into an infinity—one 
into the infinitely great, and the other into the infinitely small. 


Thus stands the engineer in the midst of a countless number 
of earnest explorers in the field of unrevealed nature, and, so to 
speak, sees the tools forged and the materials discovered with 
which he is to work. Cheerfully can he enter upon his daily 
task with the consciousness that his application of these dis- 
coveries is of real service in lightening the burdens of our life, 
as well as elevating and ennobling his fellow-men. 


The scenes which we have just brought to our intellectual 
vision are not those of the untrained imagination, of rhetoric, or 
of unreality, but those of the most rigorous truth, among the 
most real and matter-of-fact things known to us in all the realms 
of nature, and brought before you in the plainest language at 
my command. 

We have traversed a wide field together, and now, as we draw 
near to a personal parting—never to meet again under similar 
circumstances—let us, as we travel the way of life, appreciate 
its elevating pleasures, and carry to our daily tasks and to our 
homes a higher realization of the dignity of the life and of the 
work of the engineer. 
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DCCXCIIL* 
VALVE GEAR OF THE WILLANS ENGINE. 


BY JOHN SVENSSON, CHICAGO, ILL. 


(Member of the Society.) 


Ix the critical examination of any mechanism, simplicity is 
without doubt the highest test of excellence. When, therefore, 
in the gradual evolution of a certain piece of machinery great 
simplicity has been approached without loss to the result re- 
quired, that particular combination of mechanical elements 
becomes an object of general interest. It is this thought which 
furnishes me with an apparently valid motive for leading you to 
a moment's notice of a steam-engine valve gear which has in its 
make-up so few moving parts, and which effects a steam distri- 
bution so admirable, that it may well be reckoned among the 
mechanisms above categorized. 

The valve gear is not new of which I am about to speak. It is 
probably known to many of you as the most interes-ing feature 
of that engine which, of all strictly high-speed prime movers, has 
attracted the greatest attention in Europe, and which was the 
cause of bringing the late P. W. Willans before the world as 
one of the foremost steam-engine experts of our day. 

While thus lacking in absolute novelty, my subject —so it has 
been suggested — may nevertheless interest those of you who have 
not as yet become entirely familiar with this admirable gear. 

‘Phe valve mechanism of the Willans engine is so closely in- 
terwoven with the other reciprocating parts that, in order to 
render a description of it at all comprehensible, it will be neces- 
sary to include here a few brief references to the engine as : 
whole. 

From a study of Fig. 1 we see an engine of the vertical type 
with single-acting cylinders—in this instance two in number— 
arranged tandem fashion over a common crank shaft. A pecu- 
liarity of design will strike you at once in examining the piston 
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rod. Contrary to usage, this element is here a tube, open at 
both ends and finished accurately inside and out. It runs steam 
tight through glands provided with elastic packing rings. At 
proper intervals it is pierced with openings arranged in trans- 
verse rows, through which the steam is made to enter and leave 
the cylinders, the admission and exhaust periods being regulated 
by the valve and by the movement of the rod itself. The valve 


Fig. 1. 


is a series of connected pistons which works inside the hollow 
piston rod. It is made to run steam tight by means of spring 
rings. 

To the other portions of the valve gear proper, the briefest 
kind of reference will suffice. They are an ordinary eccentric 
with its strap; a rod secured to the strap in the usual way, and 
to the valve by means of the only pin about the whole gear ; and, 
finally, a small cross head with guides. 
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As the piston rod is also the valve seat, the rod and the valve 
must move in relation to each other. This relative motion is 
had by mounting the eccentric upon the crank pin. 

The valve opens the inlet ports; it also alone controls the ex- 
haust, but it does not cut off the steam supply at the end of the 
admission period. That office is delegated to the care of the 
hollow piston rod, which then to that extent becomes a membei 
of the valve gear. The manner in which the rod performs this 
part of its work will be best described in connection with the 
steam distribution. I will merely mention here that the arrange- 
ment not only permits a variable automatic cut-off, but it also 
gives rise to a rapidity of cut-off not heretofore attained with so 
few moving parts. 

The eccentric has no part in varying the cut-off. This mem- 
ber is unalterably secured to the crank pin, and it has been 
found that an angular position of 114 degrees ahead of the crank 
is the most advantageous. 

The steam distribution is briefly as follows : 

When the parts are in the position shown by Fig. 1, the crank 
being at the upper centre, steam from the chest has free access 
into the hollow piston rod between the two highest valve spools. 
Ports } are also opened to the extent of a slight lead. As motion 
commences, these ports ) are very rapidly opened. That such 
is the case is plain from the fact that the eccentric at the be- 
ginning of admission moves very nearly in the position of maxi- 
mum speed of valve travel. On the downward stroke, while 
steam rushes in through the ports « and /, on top of the pis- 
ton, a point will be reached when the ports « will be covered 
by the solid portion of the sleeve c. Then the inflow of steam 
will cease and expansion begin. Just before the crank pin has 
reached the lower centre, the valve, which is now on its upward 
path, has arrived at a point where the lower edge of the second 
valve spool coincides with the lower edges of the ports >. 
This marks the beginning of the exhaust period. The same 
rapidity of opening which characterized steam admission is again 
repeated in the release, as the valve now also moves in close 
proximity to the locality of greatest speed. The exit of steam 
is through the ports / and d, into the space beneath the pis- 
ton, which space is either a receiver, or an exhaust chamber 
connected with the exhaust pipe, as the case may be. 

I need hardly say that the cycle described above for one 
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cylinder is repeated in every other cylinder located beneath. 
If the gear is used on a simple engine the valve has three spools 
or pistons, and the operations noted end the matter. In a com- 
pound or triple-expansion engine two more spools must be 
added to the valve for every cylinder below the first. No matter 
how many cylinders may be used in one line, the same events of 
admission and release occur in them all simultaneously. The 
points of cut-off may, however, be varied to suit conditions. 

I will return to the first portions of the cycle to consider for 
a moment the cut-off arrangement. It should be first noted, 
then, that when no variable cut-off is desired the sleeve ¢ is 
removed, the upper portion of the hollow piston rod somewhat 
shortened, and the packing gland adjusted to the proper height, 
so as to serve the purpose of arresting the steam supply through 
the ports «, at the proper point. 

The automatic cut-off device is a sleeve «, fitting nicely on 
the outside of the piston rod, and arranged to rotate when acted 
upon from the outside by a centrifugal governor. Reference to 
Fig. 2 will indicate the purpose and effect of such rotation. 
The inlet ports « of the down-moving piston rod, being in com- 
munication with the steam chest only through the triangular 
apertures cut into the sleeve, will become closed earlier or later, 
dependent on the angular position of said sleeve. By this 
means the period of expansion is varied to correspond with 
momentary changes of load. 

Where the demand for aceuracy of regulation warrants the 
expense, a similar cut-off sleeve may be fitted on the piston rod 
above the low-pressure cylinder also. 

The indicator cards reproduced in Figs. 3, 4, and 5 will serve 
as a good text for a brief commentary upon the distribution 
attained with this valve gear. They were taken from a 240 in- 
dicated horse-power triple-expansion engine when running at a 
speed of 380 revolutions per minute. The engine was designed 
for condensing, but at the time of the test it exhausted into the 
atmosphere, and that fact will help to explain the loop in the 
low-pressure card. It is evident that the indicator springs are 
responsible for the irregularities of admission lines in Figs. 4 
and 5, and of the exhaust line in Fig. 3. Fig. 3 is a good indi- 
cator of the valve action. The admission and exhaust lines are 
both excellent, the former dropping only 4 pounds towards cut- 
off. The quick cut-off is a point of no less interest. In fact, all 
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the periodical changes in the cylinders must have been marked 
with distinct and abrupt beginnings and ends, in order to result 
in the cards shown. 

I have made a rough calculation of the time it takes to close 
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the inlet ports from full opening, and find that in the engine 
from which the indicator cards were taken it requires about .', 
part of a second. The rapidity is simply measured by the pis- 
ton speed, and the time spent is equal to the time it takes the 
piston to travel the | ngth of inlet openings («). 
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Commenting further on the various characteristics of the gear, 
it is interesting to note that no matter how many cylinders may 
be in use, so long as they are placed in one line the valve gear 
still retains but one pin connection and one eccentric. The 
gear is, therefore, in the principal sense, no more complicated 
in a triple-expansion engine than it is ina simple engine. The 
valve, to be sure, must be longer, but an addition of valve spools 
is the least objectionable, as furnishing but increased weight. 
This feature of simplicity in a multiple-cylinder engine becomes 
of the utmost importance when an engine of high rotative spee.| 
is considered. The fewest number of jointed parts is here 
absolutely essential to maintenance, long life, and safety. A 
gear, then, which provides the desired simplicity enables the 
high-speed engine to multiply its cylinders, and will for that 
reason permit it to take its place among the economical engines 
of our time. 

The locality of the valve and its operating mechanism in the 
very centre of the engine develops several very interesting 
advantages. The steam passages become singularly direct, 
clearance spaces small, and the general compactness is rather 
conducive than otherwise to the lessening of heat wastes. All 
strains, barring those due from the angularity of the connecting 
rods, are transmitted along the centre line of the engine, and 
the greater number of the construction details take naturally 
that form—the round —which is without question the most 
favorable for shop manipulation. 

T need not enlarge on the evident fact that the valve friction 
is no greater than the amount due to the tension of packing 
rings. In this sense, then, the valve is unquestionably balanced. 
From another point of view it may at first sight appear that the 
valve suffers resistance to motion in overcoming the unbalanced 
steam pressure which is allowed to act with full force on the 
top spool. But while this pressure, of course, is a load on the 
up-stroke, it tends on the down-stroke to assist the crank, so 
that the total effect should be ni/. 

It would not be necessary to allow any top pressure at all 
when the gear is used in a slow-running engine. But in con- 
nection with the higher rotative speeds, the frequency of stress 
due to oft-arrested momentum of the valve mass would seriously 
tend to rupture, if not neutralized. The same force will also in 
a high-speed engine cause destructive hammering in the eccen- 
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tric strap, so soon as wear has developed lost motion. A con- 
stant pressure on top, however, will absorb the momentum, and 
keep the wearing parts in unchanging contact. All stress in the 
moving parts of the gear is by this means converted into com- 
pression, which state of things has the incidental advantage of 
lessening the “fatigue” in the materials used, for the reason 
that no stress is reversed in direction. 

A summary of the various characteristics possessed by this 
valve gear brings out a very flattering result : 

Minimum number of parts and simplicity of form and con- 
struction; a free inlet and release, and a cut-off so sharp as to 
rival even a Corliss ; a balanced valve of the piston type, with 
very small clearance spaces, and which by virtue of its position 
is easily kept steam tight; great facility for varying the cut- 
off; perfect adaptability to the difficulties of high rotative 
speed. 

Such are in brief its leading advantages. I can think of but 
two shortcomings. One is that the limit of its general adoption 
in the form here represented is reached in an engine having sin- 
ele-acting cylinders only. The other is the difficulty of arrang- 
ing it to run reversing. The first objection, and perhaps the 
second as well, will have but slight effect on its destiny, inso- 
much as its proper field of action will be confined to the high- 
speed engine where single-acting cylinders will in all probability 
prevail. 


DISCUSSION. 


Myr, A. F. Nagle.—It occurs to me to suggest that this paper 
would receive great additional value if the author would accom- 
pany it with an analysis of the valve gear, showing the opening 
of the ports in proportion to the piston movement, in particular. 
It has been claimed for this engine by some that the valve action 
is quicker than any ordinary engine, and if this is so, it should 
have been demonstrated by the necessary diagram. Some inves- 
tigations of my own have induced me to the belief that the valve 
opening is the same as that of the ordinary slide valve operated 
by the usual eccentric motion. 

I would suggest, further, that the indicator card should be 
supplemented by data concerning the size of cylinder, piston 
stroke, port areas, clearances, etc. I would like to see, also, the 
combined diagram with the theoretical curve drawn thereon. 
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Mr. Walworth.—I would like to ask the writer what velocities 
are used in these engines. 

Mr, Svenson.—In regard to Mr. Nagle’s remark I would simply 
say that I rather hesitated to go into a lengthy description of 
the valve gear. Complicated diagrams I thought unnecessary. 
I should have been very pleased to present them, had I thought 
they would be asked for. 

In regard to the speeds, I would say that the rotative speed is 
500 revolutions per minute in a small engine, say of 50 horse- 
power, and 300 revolutions in an engine of 500 horse power. The 
stroke is very short, being only six inches in a 100 horse-power 
engine. The piston speed is low. The average piston speed is 
500 feet per minute. Of course, the low speed brings about those 
various advantages, such as reduced wear, dangers from water, 
and so forth, that the other high-speed engines having high 
rotative speed do not possess. 

In replying further to the criticisms of Mr. Nagle, the author 
may be permitted to remark that while it is true that the begin- 
ning of the steam inlet openings are quite similar in this gear 
to that of an ordinary slide valve, yet it should be carefully re- 
membered that the valve has nothing to do with the closing of 
the inlet ports, so that it, therefore, needs not, and it does not, 
begin its return stroke immediately after full opening of the 
inlet ports, as is the case in an ordinary slide valve. Hence it 
follows that the inlet area is not gradually decreased towards 
cut off, as in an ordinary slide valve gear. It is this peculiarity 
which makes the end of the admission period so different from 
that produced by the valve motion referred to by Mr. Nagle. 

I will also take the opportunity to note that the travel of the 
valve is constant, no matter at what point the steam is cut off. 
This means not only full port opening at the early cut-offs, 
but also the absence of that uneven wear of the valve face which 
soon makes an ordinary slide valve leaky. 
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THE GENERATION AND UTILIZATION OF STEAM BY 
THE LYKENS VALLEY COAL COMPANY AND 
SUMMIT BRANCH COAL COMPANY, DAUPHIN 
COUNTY, PA. 


BY R. V. NORRIS, WILKESBARRE, PA, 


(Member of the Society.) 


INTRODUCTION. 


Tue following report was made at the instigation of Mr. Mor- 
ris Williams, manager Pennsylvania Railroad Coal companies, 
and is published with his permission. The original intention 
was to discover and, if possible, to remedy a large discrepancy 
in the amount of coal used for firing at the two collieries, and to 
point out the directions in which improvements could be made. 

No attempt was made to attain scientific accuracy, but the 
work was done as well as practicable with the appliances at 
hand. The plants examined represent rather better than aver- 
age anthracite practice, especially as to the boilers, a consider- 
able proportion of which are of the water-tube type. The fuel 
was “ Lykens Valley red ash” buckwheat coal, a semi-anthracite, 
and with excellent steaming properties, which accounts for the 
high evaporation of the cylinder boilers. 

The practical results of the work thus far have been the 
shutting off of twenty cylinder boilers at the Williamstown and 
six at the Bear Valley Shaft plant, the 833 horse-power of the 
former representing the saving of steam due to repairing the 
lines, setting valves, ete., no other changes having been made. 

Maps and Tables—The following reproductions of maps and 
tables are attached: 


Map A. L. V.C. Co., map of outside steam lines. 
“ B. L. V. C. Co., map of inside steam lines. 


C. $8. Br. C. Co., map of outside steam lines, Williamstown. 
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Map D. 8S. Br. C. Co., map of inside steam line, Williamstown. 
“ K. OS. Br. C. Co., map of steam lines, Bear Valley. 
Table No. 1. Schedule of dimensions of boilers, L. V. C. Co. 
2. 4 S. Br. C. Co. 
}. Boiler tests, L. V. C. Co. and 8. Br. C, Co. 
$. Comparative test of blower and fan draught. 
». Engines and pumps, sizes a 


nad performance, V. C. Co. 
6 ‘ ‘ 


8S. Br. C. Co. 

7. Indicator cards, engines and pumps, lL. V. C. Co. 

8, S. Br. C. Co. 

9, Steam lines. lengths, and condensation losses, L. V. C. Co. 
11. Steam generated and used, L. V. C. Co. and 8. Br. C. Co. 


2, Tab'e cf friction and condensation losses in steam lines. 


Boders.—The boiler plants examined and tested comprised in 
all 56 cylinder boilers and 540 horse-power of Babcock & Wil- 
cox boilers, belonging to the Lykens Valley Coal Company, and 
66 cylinder boilers, 300 horse-power of return tubular and 2,300 
horse-power of Babeock & Wilcox boilers, belonging to the 
Summit Branch Coal Company. The details of sizes and loca- 
tion of these are given in Tables Nos. 1 and 2 attached. 

Boiler Tests —Extended tests, each of several days’ duration, 
under ordinary working conditions, were made on all the im- 
portant plants (see Table No. 3), and indicator cards were taken 
from all steam cylinders supplied by each plant during its test. 


Fuel and Ashes.—The fuel and ashes were measured in ears 
struck off level full, and the weight per cubie foot determined 
by samples of ten to twenty-seven cubic feet, dried and packed 
under the same conditions under which the measurements were 
made, which accounts for the large variation in weight per cubic 
foot, varying from 47.4 pounds in the first Williamstown test, 
where the cars were levelled off at the loading point, to 55.4 
pounds, when they were transported to the boiler houses before 
levelling off. 

Water. The total water for tests of the large Lykens Valley 
and Williamstown plants was measured in tanks and divided in 
the Lykens Valley test by meters on the Babcock & Wilcox 
boilers, and in the Williamstown tests by meters on the two 
Climax boilers and counters on the high and low pressure feed 
pumps ; the meters and counters were read at starting and quit- 
ting time each day, and the slip of the high and low pressure 
pumps determined by solving simultaneous equations obtained 
‘rom these intermediate readings, and the total water measured 
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in the tanks on which intermediate readings were taken at the 
same time. 

The water for the smaller tests of Bear Valley shaft and Slope 
and of the Big Lick plants was measured by meters. 

All three meters, 1}-inch by 38-inch Trident and 13-inch 
Worthington, were tested during the trials and the corrected 
results used; the tanks were also tested for leakage and correc- 
tions made for same, which proved to be very slight. 

The methods adopted of dividing the feed-water are, of course, 
open to criticism, but they seemed the best with the appliances 
available ; the 3-inch Trident meter, being borrowed after the 
Williamstown tests, was not available for them. 

Calor/meter.—It was impracticable to make calorimeter deter- 
minations of the quality of the steam at regular intervals ; a few 
were made, however, and averaged. The Bear Valley shaft 
cylinder boilers are known to have primed badly at times during 
the test, and the evaporation found is probably high ; this 
priming was also evinced by the very wet steam, 19,°, per cent 
moisture at the foot of Summit Slope. 

Evaporation.—The various plants tested gave evaporations per 
pound of combustible from and at 212 degrees, as follows : 


Cylinder. Ret. Tub 
Williamstown (breaker coal) .......... 9.22 7.53 
Williamstown (separator coal)......... 10.54 6.65 
Dear Valley Shalt... 8.15 


Tt is noticeable that the Babcock and Wilcox boilers, at Will- 
iamstown and Lykens, gave exactly the same evaporation dur- 
ing tests of several days, duration, though the Lykens boilers 
were worked 18 per cent. over and the Wiiliamstown 18 per 
cent. under their rating. The very low evaporation of the Big 
Lick plant is unquestionably due to the water of condensation 
from 1,250 feet of 8-inch pipe and 1,250 feet of 2-inch pipe run- 
ning back into the boilers; this, amounting to about 550 pounds 
per hour, was reévaporated from the temperature of the steam, 
which would increase the evaporation from 7.54 pounds to about 
8.37 pounds, which, considering that the boilers were run but 
about 44 per cent. of their rating, is not so bad. 

The total horse-power (boiler) of the Bear Valley Shaft plant 


ay 
a 
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TABLE 3.—BOILER TESTS, APRIL AND MAY, 1898. 


SumMir BRANCH CoAL COMPANY, 


B. SEPARATOR CoAL 


PB&W B. & W Climax Total 


Total Idle Idle Tdle Idle Working 
May 1.8.30 a.m., to May 2, °98), 6.30 a.m 
122 22 “2 22 i4 
30,580 10.064 14.278 6,238 30.580 
21,4, tol Ytol f4tol 21,4 tol 
16 122 122 119 
2,287,230 270,213 57 280 327 
122,435 ‘ | 15.641 


13.93 


14,482,271 1,354,630 
1,313,091 

113,042 
1,433,448 


81.060 204 


2 
135,262 
6.08 1.86 6.79 
7.22 5.75 8.12 
7.45 
6.69 9 43 
6,42 6.84 
1.3 7.0 ie $5 3.9 6.2 
OLS 63,2 73.0 84.0 44.2 
3.040 2040 S13 3.540 
1.240 800 
7.74 4.91 7.63 &.62 
0.36 0.41 


+ Combination 24 cylinders and 2 Climax boilers. These 24 cylinders burned approximately 40 per cent. more : 


6 Cylinders 
42 


Bean SHarr Borer Hovust 


0 


Idle. 


Total, 


May 4, 18 | 
76 120 
148 
1,056 
75 75 


11% 
104,006 


Some coal as us ed) Willia mstow1 


109.958 
358.9 


693.761 
624,385 


116.226 
5.4707 


1-300 H 


Working. 


sabe ock &W ile OX 


P.; 1-240 H.-P 


100 


Tota 


to Ma y 180s 


120 
141 


6.202 


14,1, to 


Exhau st steam h eating 


119 


3 
519,132 
503 558 

11.445 


200,584 


13,010 


110 


3 
991.396 
961 654 


12.653 


1.510.528) 


1,465,212 


12,210 


305.672 


1,093,208 


18 


1,665,055 


BREAKER CoAL 


Entire Plant 
6 Cylinders and 540 H.-P 
B&W 


Working Idle Total. 


11.380 A.M. 


500,300 


taken the same. 


1401354 2. 
1.330.616 2 


1.509.494 
19.861 


2.4 
OF 68.7 

7 574 572 


BeaR VALLEY SLOPE 
BREAKER COAL. 


300 Return Tubular 
Boilers, 2-150 H.-P. each 


Working 


149.380 
144,907 


135,144 


Idle 


to May 9, 


ou 


x») 


252.5 


5.805 


Total 


690 
2 
3 
020 
BS80.871 


5.415 


3.972.312 


168.006 


7.85 
O44 
6.54 


GREENFIELD 


W. 
1-150 H.-P 
1-120H.-P 


not in use 
Working 


Furnished by H 
M 


51.3 

1.305 
38,1, to 

113.2 
steam 


SLO! 
3. & 
1-250 I 


Work 


May 19, 
t 


val than balance of cylinders economic evaporation calculated from this assuming consté 


. 
3 
11 76 120 22 72 
1 Boiler Hous e—Ist test. 135 
3 0 10 10 10 3 1.55 3 
$57 2,225,898 255.423 TIS.O81 21 906 15.4 
A 20.805 21,875 102,405 5.805 4.855 M210 17,250 17.508 17.413 6587 4.809 2,738 3,1 
490,272) 525,000) 2,457,720 126,970 116.220 422.192 ..| 117,576. 65,712 51S 
14.384 13.880) 19,558 19.750 23 6.514 2.800 3.8 
5.2 5.6 23 22 4 21 1 
156 170 378 118 102 171 189 S4 ] 


R. Van A. Norris. 


e 
LYKENS VALLEY CoaL Compaky, 
Bie Lick L. V. C. Co. Butt” anp “ New” Hovuses—Breaker Coat. L.V. C. Co. Fresn 
REMARKS. 
Be x 42/27, 12: 31/7 «80 il hy 18 Cylinders and 540 H.-P 
250 H.-P. 149: 39” x 49’ 0”. 6: 36" 42’ 0 30 H.-P. B. & W. 
Working. Working.| Idle. Total. Working. Idle Total. Working.| Idle. Terk: 
fos a May 10, 1898, 6.30 A.M., to M ay 16, 1898 , 6.30 a.m The Williamstown plant, total water measured 
a 55 So 144 55 Su 144 55 Su 144 in tanks, divided by meters on Climax and coun 
S80 7.074 13,936 » 936 per cent., and of iow-pressure pump 11.66 per 
R57 SO SU SU 115 115 Bear Valley Shaft and Slope, and Big Lick 
14 104 14 Heated by exhaus t steam. plants, water measured by tested meters. Lykens 
148 148 148 171 171 Valley plant, total water measured tanks, 
1,507 528 2,020,720 divided by meters on B. & W. Feed in ** Bull’ 
305,350 boiler house heated by exhaust steam, in ** New” 
19.56 bofler house by pipe heaters in flues Average 
43 1,625,379 feed temperatures for cylinder boilers calculated. 
ee, SS 8.906 11,287) ¢ per cubic foot ascertained for dry coal and ashes 
Wint’r 13), Sum’r 94 under similar conditions. 
31 3 3 3 3 W't Coal, Ash, 
16,487 1.980.846 8,919,848 1, 1,538,130 Plant Were Meas’d. “on. ft cu ft 
15.076 4.840.151 8.652.253 1, 1,491,986 W'mest'n Ist.. Loading 7.4 _ 10.5 
3.195 54,384 25.882 16,764 5.730 2d..Boiler house 51 2) 16.0 
1800 1,468,413 1,305,216 ...... 502,634 102,336 137.500 Bear Valley... Boiler houses, 54.6 = 
13.07 4.477, 232).. Ly kens . Boiler houses, 55.45 51.8 
W171 4.376.293) 5.556.493 9,932.7 1,545,285 1,619,551 3,164,886 5.921.578 
3.8% 79.560 62,432 28,006 18.197 21.97 107 665 80,629 90,955 \ll ** Breaker coal averages : 474 per cent 
5.72 5.5 No. 2 Buck, 52) per cent. No. 3 Buck. ‘Sepa 
6.48 rator” coal averages about 5 per cent. Nut, 20 per 
ea aicinibns 7.12 | cent. Pea, 35 per cent. No. 1 Buck, 40 per cent. 
1.3 10.4 8.1 1.5 2.9 3.5 Re 5.9 6.5 
56.7 | 60.5 190.3 128.4 155.9 91.8 68.8 77.6 
111 2.308 1,811 815 528 638 3,123 2,339 2,639 200 


onstant rate for cylinders. 
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30: 34 
24: 
Working or Idle Time at Colliery Working 
2 |Duration of test.. Hours 3 
|Heating surface.... Sq. ft 
6 (Ratio heating to grate surface : aye 
|Feed-water temperature after heater .... Deg. F 122 
21 bry coal consumed per hour Lbs 
22. (Combustible consumed per hour Lbs 
coal consumed per day Tons 
Dry coal consumed per month (24.w., 6 idle) Tons 
24 |Moisture in steam, by calorimeter P.« 
26 Total weight of water pumped into boilers . ; Lbs 1.580.956 
27) | Water actually evaporated, corrected for quality of steam... _. Lbs 1.360.458 
|Water actually evaporated per Lbs S104 
IW: ater actually evaporated per day (working : 11 w., 1 13 idle)....... Lbs 1.750.787 
Water: actually evaporated per month (24 w Lbs 
28) | Equivalent water evaporated into dry steam, from and at 212 degrees Lbs 177.608 
300 | Equivalent Water evaporated, from and at 212 degrees per hour ... Lbs 6,778 
31 Water evaporated per pound dry coal, actual temperatures and pressure, 
32 | Water ev: aporated pet pound dry coal, from and at 212 degrees... ......... Lbs 
Water evaporated per pound combustible, actual te oe and pressure Lbs 
33 Water evaporated per pound combustible, from and at 212 degrees. . . Lbs 
Commercial evaporation equivalent w revaporate per pound dry coal | 
at 4 refuse, 70 lbs. gauge from 100 deg. feed-water....... ais \ 
35. Dry coal burned per square foot grate surface per hour. 
39 |Water evaporated, from and at: 212 deg. per sq. ft. he: iting surface per hour... Lbs 16 
49 | Water evaporated, from and at 212 deg. per sq. ft. grate surface per hou Lbs. 86.7 
#3 Llorse basis : 30 Ibs. water per hour, 70 Ibs. steam from 100 deg. } ang 
44) feed, Ibs water, from and at 212 degrees. ........ 
cent. horse- -power due to fee Pet 
Square feet heating surface per horse-power...............0-00+: Sq. ft 


VoL. 


X 


xX. 


60 Cylinders 
0". 6: 34 


Idle 
Hs 
80 
122 
5 
4.738.060 
4.501.157 
65,711 
064, 


5.344.674 


TR.0R5 


Pot 


1. 
te 
12 
1,71 
1,30 
14 
1} 
122 
D151) 
8 
5. 
6. 
‘ 
5. 
12 
1.8 
2,262 
1, 
= 
& 


Total. 
122 
1,116 
10.064 
SU) 
22 


1.714.742 
1.308.058 
14, 
11, 


055 


160) 


) 
S.SH1L.015 

72.056 


WILLIAMSTOWN Borer Houst 


1,240 H.-P 
2-500 


Working 


Babeock & Wilcox 


Idle. 


Apri | 26, 1898, 


5 
1.696.072 


1.615.100 
30.751 
T3780 


35.619 


4 


68 


2.132.375 
2 404 
BO 106 
724,704 


2,305,872 


1,013 
1,240 


1-240 


Total 


6.30 


1,603 


3,826 

3 
447 
3,713.54 


30.430 


21 S87. 160 
1,301,496 


35.258 


6.48 
7.51 
9,22 


1,021 


1,240 


BREAKER Coal 


Waste Heat Climax 


2-400 


Working 


to May 1, 


OS 
120 
102 102 
Wast 


666.810 
STO 
12,404 


261 S82 


soo 


8.30 


HOS 


OS 


16,701 1416 
SOO SOU 


* Including heating feed-water for B. & W. boilers 


Total 


A.M. 


1.325, S08 
1,325,808 


‘ 

#1 O78. 252 
13.756 
tO 85 
128 
12.6 


Br 


Entire Plan 


soo H.-P. Climax 
Working Tota Tle 
140 
214, to1 Yto 
whe 
12. 2 
0 265 
INt 
” 
7.529.433 14,482,271 1.554.030 1.818 is] 
2,532,312 ... 1.855.448 
6.08 
7M 9.33 
1.54 


1.5 ‘ 
1! 
7.74 
uot oy 


+ Combination 24 cylinders and 2 Cli 


53 = 122 122 
120) 120 120 120) 
102 lr 
102 102 
572,497 he at, 
"466,76 
- 
240.544 
85.248 
6.13 
7.53 
5.45 
12.6 14.5 
8.6 2.5 2.4 
7.3 107.9 108.7 
2500 1,031 
1.240 
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THE GENERATION AND UTILIZATION OF STEAM. Dd» 


was but 572, which could be readily taken care of by the 540 
horse-power of Babcock and Wilcox boilers, allowing the less 
economical cylinder boilers to remain idle. (This has since been 
done. ) 

The evaporation of the combination of 24 cylinder boilers, 
with two 400 horse-power Climax boilers utilizing the waste 
heat, is only a rough approximation, no attempt having been 
made to test these 24 cylinders apart from the other 56. They 
consumed, approximately, 40 per cent. more coal than any other 
24 boilers, and in getting at the economy of the combination it 
was assumed that the cylinder boilers maintained the average 
evaporation per pound of coal of the whole 60 tested. 

Blowers. —It will be noted in Table No. 11 that a very large 
amount of steam is consumed by the blowers. The quantity, 
830 pounds steam per ton coal, is based on tests made by Messrs. 
McKay and Bauer, Table No. 4. This could be reduced to at 
least one-third by the use of fan draught, and in most, if not all 
cases, there appears to be suificient exhaust steam available 
within reasonable distance to turn into the blast and prevent 
burning out of the grate-bars. The experiments referred to 
were made with a fan of very low efficiency, and even that 
showed a great difference, over 50 per cent., in its favor. 

Safety Valves.—The leakage of safety valves is of suflicient 
importance to make an item in Table No. 11. It seems im- 
practicable to prevent some leakage from safety valves of the 
weighted -type; the remedy would be either to use spring valves 
or to utilize the escaping steam either to heat feed-water or to 
turn into a fan blast. 

Keed-heating.—The feed-water for one of the Lykens Valley 
and the Bear Valley shaft boiler houses is heated by exhaust 
steam, much hotter than any other feed; at the Williamstown 
boiler house the exhaust from the conveyer engine and low- 
pressure feed-pump is utilized to assist the heating from stack 
tanks, and such heating has been allowed for in the boiler tests. 
Wherever any exhaust or escaping steam is available it should 
be utilized for feed-heating, and even though a very considerable 
length of exhaust pipe may be required it will be found profit- 
able. 
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d8 THE GENERATION AND UTILIZATION OF STEAM. 


Boder-house Piping.—Vhe pipingsin the boiler houses was 
found in excellent condition, except for a few leaky joints which 
could not be repaired without shutting down the entire plant, 
and during the Lykens test the whole boiler house was shut 
down for over two hours on account of a blown-out joint in the 
main drum. It seems that in the future it would be worth 
while to try to pipe all boiler houses in duplicate, so that any 
joint might be gotten at for repairs without shutting down the 
entire plant; the secondary piping could, if desirable to avoid 
condensation, be just of sufficient capacity to carry the steam 
with the maximum allowable loss in pressure. 

Power and Coal Consumption.—The total boiler horse-power 
of the two companies and coal consumed was found to be, under 
ordinary working conditions ; 


Coal per Month. 
24 Working Days, 
6 Idle Days. 


Boiler 
- 
Horse-Power, 


L. V..C. Co. Tons. 


S. Br. C. Co. 


Cost of Steam: per Boiler Horse-power,—F rom the boiler test 
the cost of steam per boiler horse-power at the various plants 
approximates as follows, estimating the buckwheat coal used at 
75 cents per ton, including labor of firing and removal of ashes, 
and the interest, depreciation, and repairs to boiler plants at 
15 per cent. on $10 per horse-power. 
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<a 
4,831 
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STEAM CYLINDERS. 
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| 
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Nin 


Yes Yes 


5 Yes Yes 


Yes Yes 
No No 


No 
No 


No 
No 
No 
No 


oil. H. No No 
K 
K 
K 


itor & trap on each level 


C. 
OF 


} turn o. 
C. 


} turn o. 


C. 
} turn o 


4 turn o 
turn o, 


5.—LYKENS VALLEY COAL COMPANY 


Into. 


Exhaust 


Atmosphere 


Atmosphere 


Ditch 
Atmosphere 


Atmosphere 


Heater 


Atmosphere 
Heater 
Column 


Heater 
Syphon condenser 
Tank 
Tail pipe 
Syphon condenser 
Tank 
Syphon condenser 
Ditch 
Syphoncondenser 
Tail pipe 


Syphon condenser 


LYKENS VALLEY COAL 


Atmosphere 


WaTeER Dava. Hoisting Data. 


= | a 

s 
= 
= 
= 


In. In Ft Ft Revs No. No.,No. Lbs 
Cc. 50 100 1,070 

10 Ja. 35, 40/12] 
170 210 250 10 807 

250 7 10 123 


21¢ 2 

g3. 10 

11,5 

Ib} 14 

164 | 12 

12h 8 

16 | 12 

4005 a. 


COMPANY—FRESH-WATER PUMPING 


SPEED. 


ENGINES AND PUMPS, MAY 


POWER AND Economy. 


60 100 400.0 
60 192.6 
6 
130 25.2 340.0 


65 6 

St 42.5 

14.0 

120 10.1 

27.4 

130 | 

12.5 

12.5 

321 
23.1 5.0 
28.5 4.3 
1S 2 48.9 7.3 
33.9 1.58 
‘ 18.8 57.7 
10.7 
4.17 37.6 68.4 
19.5 25 31.1 80.5 
14 27.5 19.7* 
6 8 25.1 61.0* 
31.5 39.9 
t 36.6 39.2* 
27.0 62.2 
8.5 12 27.2 56.6 
) 6 30.8 17.4* 
6.5 10 30.1 38.6 
5} 27.4 63.0 
12 33.0 69.9 
2.75 46.0* 
12.30] 46.9% 
26.8 16.1 


30 re 25.2 12.1 
16 %) 20.1 12.3 
33.5 1.3 
246 246 30.1 103.5 
300 80.0 


W. 50 E. 53, W 
52.7 5 
68.6 7 
32.2 3 
54.4 5 


33.8 3 
OS.6 7 
63.5 17 
416.5 5 
66.0 


5 
57.0 6 

53.4 

58.3 6: 

41.8 


53.3 

58.6 6: 

| 

W.9 Dt 

18.0 

55.0 

8.8 

51.4 5t 

54.4 

51.4 | 

16.0 

34.3 

3° 

32. 

52 

57 

60.7 6: 

72.0 

58.3 | 

26.3 | 34 

3 


| & | | ack | 
| | Be | 
aks Revs. Revs.| Lbs. | H.-P. Lbs. | Lbs. 
re ‘ 45 45 23.7 13.7 16.3 5 
as 
[&N 
A Yes Yes | 
oil. H. No 4 
oil. No 
oil. H.| No 
A 
& J 
{ 
4 M 
&J 
EQ) 
| 


densation. 


| 
52.8*| 


57.7 | 


1898. 


~S.010 
) 


16,947 


2,152 


2.300 


30,131* 


92,163 


STEAM CONSUMPTION. 


2» 4 | 
-A 
3 
| = 
Lbs. Lbs 
3,370 80,900 
3,564 85,500 
695 16,700 
7,629 183,100 
13,740 80,100 
20,175 169,500 
3,130 21,500 
130 2,100 


37,175 273,200 


7.084 70,300 


2.065 20, G00) 
3.008 33.400 
1.788 17,900 |. 
414 
150 1,000]..... 
150 
16,409 157,300. 
410 7.000 6,000 
371 6,400 5,500 
BRD 10,100 8,000 
$331 7300 6.000 
2 607 26.100 
8.000 75,800) ...... 
12,404 132,700 25 500) 
3,691 77.800 77.800 
5.940 113,200 111,200 
! 
4.368 100)... 
4,464 8,000 8.000 
5.634 52.600 52.600 
3,045 
5,789 88,700 
5,071 86,200 86.200 
4.913 83,500 83,500 
6,937 } 
6,034 76,500 76,500 
| 68,502 727,700) 725,400 
| 142,119 1,474,000: 954,100 
991 19,000; 16,000 
1,195 22.900 19,900 
80 | 500 500 
3,580 | 48,300, 48,300 
36,700 36,700 


2,720 | 


Lbs. 

BO 900 
85.500 
16,700 


183,100 


9.100 


8.100 


1,700 
1,200 


20,100 


Lbs. 
80,900 
85,500 
16,700 


183.100 


137,400 9,100 
201,800 8.100 
31,300 1.700 
3,100 1,200. 
373.600 20.100 
70,300 
24.000 
39,100) .... 
17,900 
1,100 
1.500 .. 
1,500 
164.000 
8.400 
8.900 7.600 
14,000 12.000 
10.300 4.000 
26.100 
149,100 37 000) 
SS.600 SS.600 


142,600 
105.800 
107,100 
135.200 

73.100 


138.000 


121,700 


133.400 
117,900 


166,500 


144,800 


1,644,900 


2.514.700 


23 800 
28.700 

500 
48,300 


36,700) 


34.7 7,255 8,566 | 106,500 | 103,500 138,000) 
| 


Lbs. 
80.900 
85.500 
16.700 


183,100 


142.600 
105.800 
107,100 

35.200 


73,100 


138,900 


121,700 
83.600 
85.200 
33,900 


117,900 


166,500 


144,800 


1,644,900 


1,885,100 


19.000 
24.000 

500 
48,300 
36,700 


133,000 
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REMARKS. 


O00 
1,092 00 
8 00 
2.007 00 
533 00 Single slope, steam per hoist for round trip. 
1,685 00 Pouble slope. 
Lower by hook lever. Steam for round trip. 
2218 OO 
166 00 * Poore *’ valve 
34 00° Max. work, 60.4 H.-P., with 58.8 Ibs. ind. steam per IL.-P. 
52 00 ) Upper figures shop only 
+ Lower figures shop and sawmill. Sawing } of time. 
39 00 
1400) Sawing 2) to 34 hours per day. 
14.00 Not carded, taken same as above, 
919 00 
53.00 Piy-wheel pump. 
53 00 J 
‘400 Proper stroke, 12 in. 
63 00 
62 OO 
lox WO Calculated from heating of water, 225,700 Ibs. per hour. 


395 UO 
SUS 00 
262 00* Extra pump ran 120 revs. during boiler test. : 
18 OOF Avg. 8, revs. per min. during boiler test. : 
364 OO 
285 00* Extra pump ran 120 revs. during boiler test. 
OO 
00 
446 00* Extra pump ran 150 revs. during boiler test. 
135 00 
OO 
387 00 
oo ! These two pumps are run alternately. : 
\ No, 2 was running during boiler test. E 
4.411 GO Pumps not running not included in * totals. i 
11,452 00 | Steam per H.-P. per hr. avg. of all. 
180 O00 


270 00 | \ These two pumps usually run alternately. 


Runs } of time. 


Said to be avg. conditions. Avg. work 13) hrs. 
pares Not carded, data approximate, avg. work 13} hrs. 


450 00 | 


AY, 
+5 | | $8. | “<x 
| 39 3 ate sak | 
= | om sea | | 
Lbs. | Lbs 3 
81.4 3.370 
86.5 3,564 
50.9 | 695 
| 
53, W. 65 
75.5 | 
35.0 | 
54.9 Sb 
58.0 | 27,195 Plc 
45.0 7.034 
37.2 2,965 
75.5 3,337 
172.0 1,678 
50.9 2,117 
72.6 414 
119.1 101 
119.1 101 
49.0 15,740 
58.5 293 
61.6 265 
57.7 $21 
63.0 305 
15.1 2,607 
TOS. 7,577 
127.7 11,468 427 00 
409.1 3,240 
57.6} 4,683 
63.3 1,243 
54.0 3.348 
56.0 2,192 
52.8 2.050 
50.4 3,697 
63.5 3,593 
56.5 2,681 83,600 
50.8 85.200 
56.5 3.564 
49.7 3,480 | | 
39.4 3,668* 
3,189 
65.6 | 793 
V7.8 | 956 
63.0] 80 
34.6 | 3.580 
— 3 


Outside pumps, totalsand averages 


TRANSACTIONS AMERICAN SOCIETY OF MECHANICAL ENGINEERS. Vou. XX. 
STEAM | 
n 
No. In. In. In. In 
1 | 24 | 33 | 86 | 4 
Fan engines, totals and averages ...).... .. 
142 «143 Pair hoisting engines ..... Lykens Valley Slope..... 18 @ i... Cc Yi 
105 |Hoisting engine.... ............... Short Mt. Slope 1 4) i {8 B Yi 
129, 130|Pair hoisting engines ..................|.... No 4 Slope. 2/18 | 36 |....| M&Nn 
108 Accommodation engine . BullSlope......... Boil. HW. N 
Hoisting engines,totals andaverages .... . 6 
132 |Breaker engine..................... .|.... Lykens Valley Breaker....... 1 | 22) 48 A 
106 |Separator engine...... ....... separator 1 | 16 | | 22 \ 
138 |Large shop engine slacksmith shop and saw mil 1 4 24 B 
147 Small shop engine . ...... ¥ 12 B 
133 Prop saw oscillating engines........... 711 N 
ne “ Short Mt. bank 4 1 B N 
107 |Poiler feed pump....... . Bull boiler house, end 1 12 14 Boil. H. N 
134, 135 Jeansville duplex boiler feed pump ... 10 Boil. H. N 
139. 140 ....| New boiler honee.. ........ 102 Boil. H. N 
141 jAllison & Bannan pump ............... .. Mine water to breaker 2 11043)... D 
13 Pulsometers ........... 4 N 


181 Bull pump, single acting.. wse.eeeeee| 1 Bull B. H. pumps, No.1 Level, 1 44 63 116 7 Boil. H. N 
111, 112 Griscomb duplex pump............ 3 5 K 
109 «(Carter & Allen pump........... | 1 | 26 48 | 67/3 K 
110 |Allison pump ........ 4 1 | 38/4 i0 4 K 
123 ae 1 (No. 2 Level, Lyk. Vn......... 1 70 4 T&J 
124 (Allison & Bannan pump ...... 2 3 I&J 
3 White's Vn. ..... 1/38 | 4 4 
113 | 4 1,30 33 69 3 I 
125 :Allison & Bannan pump ........ 1 No.3 Level 1 2 33 106) 3 M 
26) Allison pump 2 1 | 27 | 3 | 68 3 
3 1 38 4 69) 4 F 
119, 120, Tos No. 4 Level 24 | 3} P&Q 
121° Jeansville compound duplex pump. 1 No 38 & Q 
Mine pumps, totals and averages 
Hatire Colliery Plant, totale and ave. 48 
.|Fresh-water pump station ....) 1 | 16 16 N 
145 (Cameron PUMP... 1/18 N 
146 |Boiler feed pump.......... ......- 1 7 SSS N 
137 Woodbury engine........... . Lykens electric plant ....... 1 | 14 18 
Westinghouse engine ............... 2/13 12 Y 


a 


TABLE 5.—LYKENS VALLEY COAL COMPANY—ENGIN |S AND PUMI 


EAM CYLINDERS Warer Dava Hoisting Data. SPEED ER AND ST# 


= = Ss a = 5 
= s i . =| & ae 
= = 2 ~ = = 
° 
In. In Ft Ft Revs.| No. No.,No. Lbs. Revs. Rev Hep I 


j 


Yes Yes 170 210 «10 SO; 13 J Mow 
N Yes Yes i turn o Ditch 128 103 Im? 200 110 
No No oO. Atmosphere 250 25 «10 23 102 

an 


BOWING | os Column ~ 10.7 


H. No No iturno Heater 214 


2) 550 310 4.15 
1 

re turn Syphon condenser + "318 10.5 

> Tank § 568 14 7* 

= Tail pipe 14 520 317 61.0" 

J 5) Syphoncondenser 16} 489 331 30.9 

tos Syphoncondenser 16$ 12) 420) 62.2 

= | | 492) 828 ..... 6.6 

5 Ditch 125 | | 395) 321 |..... 

Syphoncondenser 16 12 34226 63.0 

= 14} 10; 358 B26 8.5 12 
Q Syphon condenser 10 10 S800 660 9} 
| i ) 

} 


LYKENS VALLEY COAL COMPANY—FRESH-WATER PUMPING STATION, 


Yes 
E Yes Ye 1.2 
Yes/Yes; ( 5 13.3 
| 
| 


‘23 


TRANSACT@ONS AMERICAN SOCIETY OF MECHANICAL ENGINEERS. VoL. XX. 
TABLE 6.—SUMMIT BRANCH COAL COMPANY—ENGINES AND ~ APRIL AND MAY 
STEAM CYLINDERS Water Data Nomring Data Stream Ke 
DESCRIPTION, LOCATION. 5 =, ll 2s = = ~ 
SS ti + = =o Es : Z ke 
No.| In. | In. In. In In. |In.| Fe. Ft. Revs., No No. No Lbs Ht 
WILLIAMSTOWN PLANT 
11 & 22 Pair hoisting engines ... .... 2 2 | 4 | 48 |.... ( No | No | } turn, 1,008 ‘ 
KY .. .. No. 2 Br. coal plane wast Boil. No No | }turno Atmos. ... 114 OR 18.9 4 
2 isting engine Separator plane 2 2 Empty 13 
44 & 45 Pair breaker engines, Vulcan Yes | Yes| Autom, At. & heat 38 
38 Sawmill engine Wilhamstown sawmill ........ 1 | 14 | 2 | 30).... I Yes Yes C. 
Boiler house conveys ...... 14 | 23 | 24 Boil. H. No | No | Heater Slant conveyer on'y “15.2 66.8 
29 \llison and car transfer..... Head No.3 Slope ........ S| if | 12 |.... ( NO | NO | cubes soc 
3&4 Jeansville duplex feed pump.......... .. High-press. boi ers, town. 2; 10) 1§ | 12 Boil. H No | No }turno Atmos 6 2 
39 & 40 Dup. Griscomb water to B. V .. Williamstown boiler house..... 2 6 = ) 21.9 t 
) Allison pump 2 1 2 3: | 70 5 Yes Cc 12 10 648 | 242 .2 ' 
21 vn No. 3 Slope bottom 1 | 30 3¢ | 4 B Yes 10 1” } 68.9 65.0 
19 Single Goyne 7 1 | 22 | 38 | 36 J Cc 10 | 10 O83 side 43.7 47.8 
25 No.4 1) 22 48 4 L 8 612 24 23.1 9.2 63.9 60.0 
24 Cameron-Allison pump ...... L Cc 10 12 638; 396 |......].. 8.8 26.6 $2.4 47.3 
28 Allison pump ......... White’sVn.; 38 4 5 M C 16 12 584 3 31.1 16.9 48.2 
Williamstown Boiler House Steam / 38 | 1.781 as 
BEAR VALLEY SLOPE PLANT. 
0 East hois sting engine ..|Bear Valley Slope ......... 1 | 14 | 2j | 24 O Yes Yes 4 turno. Atmos 181 2 100 245 18.3 68.2 
Ist lift, Bear Valley Slope...... oO No | No | }turno. Tail pipe) 9 10 358 232 14.5 6.0 1 
35 Jeansville duplex pump... ............ .. Bottom, Bear Valley Slope 12 oO Yes Yes ‘ 0) 13.0 
BEAR VALLEY SHAFT PLANT 
19 ‘Corliss fan engine ............ [ear Valley Shaft 1] 18 | 86 |.... Q No | No | Autom 52 85 16.5 24.3 
54 Pair Vulcan hoisting engines sear Valley Shaft 2/2 3: | 48 P “ turn o agi 8 400 .... 212 66.7 620.0 
Pair accommodation engines........... .. 2) 12 2 Q O 241 .. 410 132 42.6 1 1 
57 Cameron’ pump ...............- Upper lift, Bear Valley Shaft 11 16 | 2} | 3 Q No No Tail pipe | 8 8 16.8 1) 19.7 9.9 T6.0 82.0 
36 Biske piston PUMP 1 | 24 | 23 | 24 3 tas Yes iturno.| Atmos. 12 10 13.5 40 385 25.4 66.6 
GREENFIELD PUMPING PLANT 
BIG LICK SLOPE. 
59 & 60 Pair Vulcan hoisting engines.............. |} 24) 3) | 36 Yes Yes C. 79} 30> 10 10 C.487 76 96 41.5 512.6 33.6 30.1 
| 102} C.623 A.444A.42) 42 | 15.5 109.4 40.4- 57.51 
Summit Brancu Coa. totals ’ 


Total H -P. and average steam per H.-P. calculated, assuming all engines to run « onstantly. 


ES 
Lbs 
1.17% 
8.398 
s ‘ 
“7 
Ted 
> oe 
1. 
1.1 
1.82 
28 
4.012 
M3 95.83 
| 
1.438 
1.52 
24 
1011 
or, 
24 
1.0 
H04 B44 
$21 4.20 
191 3.04 
4,2 
4 
7 


6.—SUMMIT 


Pipe. 


STEAM CYLINDERS. 


am Line 


St 


Exhaust Into 


Separator 


Trap 


WwW 


BRANCH COAL COMPANY 


ATER DaTa 


| Lift. in 
g Suction 


h Column 


Revolutions per 
Hoist. 


ENGINES AND 


Data. 


Test 
Maximum. 


Hoists per Idle 
Day. 


Hoists per Day, 
Hoists per Day, 


No. No. 


WILLIAMSTOWN PLANT. 


SPEED 


ite, Maxi 


M 


Revolutions per 


PUMPS, 


Revs, Revs. 


mum. 


APRIL 


= 
= 
= 


& STE 


A. 15 5 | 15 225 20 27.9 10.4 
soil. H. No) No | }turno 114} 98 120 18.9 200 0.4 62.2 
A Yes Yes 4) 67 90 30.5 246 14.1 17.4 
Empty nO 1.5 5.0 
G No | No |Hoisting...136 |...... 14-4 16.3 
A Nee} fes | Autom. |At.& feat) 146 146 24.8 145.0 
G No | No oO Atmos. 140 10.2 12.8 
. Let 11.6 13.7 
Boil. H. No No jturno. Heater Slant conveyer on'y 10.6 *15.2 
soil. H. No | No. iturno. Atmos 15.8% 21 7:3 
B, E,& H No | No Tail pipe 10 10 11.6 26 24.0 
Yes Cc 12 16 242 11.4 15 2.2 
No 10 10 OAS | 24.4 37.5 26.2 
B Yes ©. 10 th) 920 380 13.9 15.0 18.75 
J Cc. 9 1.004 380 20 28 20.4 
J C. 16 12 SSS 1.2 8.5 31.1 
J C. 10 10 183, 17.8 25 34.4 
L 10 12 638 8.8 18 26.6 
BEAR VALLEY SLOPE PLANT. 
oO No | No iturno. Tail pipe 9 10 358 410 14.5 16.0 
BEAR VALLEY SHAFT PLANT 
> ogi iC. 400).... 212 12 66.7 620.0 
Q No No Tail pipe | 8 8 16.8 4) 19.7 9.9 
R&S Yes iturno.| Atmos. 12 | 10 3.5 30 | 38.5 25.4 
“s oO. Tail pipe 12 10 18 30 35.7 52.8 
GREENFIELD PUMPING PLANT. 
| 36.9 38.2 
| 


( Istlift 
('3a 


BIG 
B44 


793 
1023 


LICK SLOPE. 
00)... 
10} 10 C.487 A.343 C. 76 
C A.444 A. 42 


40) C. 1 
30 +A. 
4\ 


96 
42 


512. 


41.5 
15.5 109. 


Total H -P. and average steam per H.-P. calculated, assuming all engines to run constantly. 


6 
4 


AND 


AM 


49.2 
*50.0 
44.5 
28.4 
3 
133.5 
80.0 
"183.0 
48.0 
57.5 
62.5 


86.1 
75.0 
95.0 
81 5 
54.5 


4.3 


33.6 
49.4 


Total Steam per 


MA 


Economy. 


53.1 
#55.0 
7.8 


65.0 


57.5) 


n. In.|In.| Ft. Ft. |Revs.| ib. | Ei Lbs. es Lbs H.-P. | Lbs. Lbs. | 
65.7! 75.5 
77.0 88.5 
63.4 72.9 
32.7 
38.5 
OB oy 
51.6 
38.5 
73.2 
35.0 
72.01 
19.04 
76.8 
70.2 
| 
201.0 
47.7 
52.0 
63.3 
67.5 
59.0 63.6 
59.5 64.3 
63.9 69.0 
52.4 56.6 
65.0 70.2 
42.6 46.0 
57.3 61.9 
47.8 81.6 
63.9 69.0 
47.3 51.1 
i8.2 52.0 
56.6 60.1 
56.1 
*72.7| 80.0 
94.7 
| 
88.00 | 
58.9 | 
24.3! 39.2 
36.0 39.6 
73.0 80.0 
41.5) 45.7 
56.0, 60.5 
76.0; 82.0 
60.4) 65.2 
66.6) 71.9 
73.5} 79.4 
46.5 50.3 
$21.1 27.7 


MAY, 


STEAM CONSUMPTION. 


5 3.480 3,480 
9 736 156 


1 9,903 12.950 
*3.001 *4.000 
2.518 3,357 
173 213 
123 1d 
( 1,350 1,350 
6 14,067 18,085 
5 MIR 6,192 
937 
0 252 
1,196 1,196 


-2 $36,149 


69.843 


950 
0 523 
10406 

378 
760 1.013 
5 250 312 
4 1,388 1,829 
6 1.635 3.682 
3 3.467 1562 
6.007 O370 
6 397 


3 
9 5.723 
6 3.167 
0 4.021 
1 2.387 
0 4.690 
1 5.335 


= 


| 

3.7 | 

8.0 | 

3.9 

5,679) 10,111 
».2 1,576) 4,956 
1.6 vi 

0 125 8.480 
5.7 14 240 
5 256 350 
2.0 812; 1,933 
1.010 2.786 
1.9 1,827 4,060 
’ 2,272, 3,246 
3 2,.€34 4,300 
1.1 10,604 30,441 
3,421) 4,276 
3.191 3,546 
3.4 | 3,416 4,262 

9.1 >} 2,614 4,708 

1.5 92,156 143,352 


100.100 
83.500 
17,700 


201.300 


128,700 


39.000 


171,500 


55,600 


76.900 


9.000 
18.200 
6.000 


33,500 


39,200 
83,200 
146.300 
43.900 
117.500 
58,000 
67,900 
54.100 
81,600 
39.700 
58,600 


82,500 


867.500 


500 


14,000 
8.500 


39,900 
31,700 
30,400 


124,500 


37,800 
4,900 
800 


6.100 | 


19,500 
24,200 
43,800 
54,500 
63,200 


254,300 


80,400 
1,600 


82,000 


26,100 


1,837,400 


100,100 
83,500 
17,700 


201,300 


16,000 


4.000 
300 


13,500 


33.500 


R000 
16.000 
6,000 


30,000 


39,200 
83,200 
146.300 
43.000 
117.500 
53.000 
67.900 
54,100 
81.600 
39.700 
58.000 
82.500 


867,500 


1,153,400 


14,000 

4,000 
39,900 
31,700 
30,400 


120.000 


37,800 
4,900 


300 
6,100 
19,500 
24,200 
43,800 
M500 
63,200 


254,300 


74,000 
1,600 


75,600 


3,400 


100,100 
83.500 
17,700 

201,300 


168,400 


217,000 
61,900 
“2.500: 


12.000 


13,800 


6.800 
47 000 


12,100 
24,300 


13,000 


88.400 
109.500 
224,900 

66,900 
126,800 

74,200 
137,400 

96 500 

81,300 
112,600 
128.000 


322,500 


| 


.881,700 


14,000 
19,600 
56.900 
55.900 
44,700 


191,100 


119,000 
84,800 
2,400 
8,400 


46,400 | 


66,900 
97,400 
77,900 
105,400 


608,600 


100,500 
1,800 


102,300 


47,100 


Max- 


100,100 
83.500 
17,700 


201 300 


20,000 


36.800 


38,500 


88.400 
109,500 
224,000 

66.600 
126.800 

74,200 
137,400 

TH 000 

96500 

81.300 
112,600 
128,000 


1,322,500 


1,628,000 


14,000 

4,000 
56.900 
55.000 


44,700 


40,000 


119,000 
5,600 
2.400 
8.000 

46,400 
66,900 
97,400 
77,900 

105,400 


529,000 


2,000 
1.800 


93,800 


| 
3,400 


964 00 
OSS OO 
172 00 


2,124 00 


145 00 


65 00 


118 00 
&3 00 


350 00 


240 00 


304 00 
679 00 
1.328 00 
275 OO 
1,078 00 
149 00 
518 00 
260 OO 
739 00 
187 GO 
202 00 
585 00 


6.394 00 


4.793 00 


143 00 
227 00 
189 00 
301 00 
199 00 


1,369 00 


41 00 
204 OO 
192 00 
397 00 
552 00 
267 00 


1,653 00 


R. Van A. Norris, 


REMARKS. 


Mullen engine, governcr, 25’ fan 


Allison & Bannan engine. 


Hoists four cars 
Valves badly out 
Valves reset 
Third notch : 


\* Not in totals 
boiler test. 


Runs constantly ; 


i 
36.8 ind. steam per H.-P. hr, 


Single slope steam per rd. trip 


; Valves set after 


in 2d notch 


hoists about 3 of time. 


30.7 and 35.3 per H.-P. 


With steam heat on 4,3; Ibs. per H.-P. extra ; 


ith notch 


Valve reset ; steam consumption reduced from 46.9 Ibs. 


Sawing } of time 


Caron jy of time, estimated 


* Not included in averages, 


; Valve reset from 91 lbs, steam H.-P. 


One-half of duplex pump, Nos. 17 and 19, 


One-half of duplex pump cards 17 and 19 


Cameron steam, Allison water end. 


| These engines are to be replaced soon. 


condition. 


Little w6rk ; 5% cut off; full work est. 


In very poor 


steam, 
177 H.-P., 28 Ibs. 


With cross-pipe closed 19.9 ind. steam per H.-P. 


Extra pump runs about one-balf hour per day. 


Riedler 23} Cameron one-half hour in average & totals. 


C = coal ; A = accommodation. 


1,606,700 2,830,800 2,429,700 | 12,815 00 


Ege 
Lhs. Lbs. Lbs. Lbs. $ 
700 13.600 3.300 81 00 
2.700 
00 
9.400 9.400 00 3 
10,000 45 00 ‘ 
21.000 144 00 
7.500 51 00 
| 
j 
| | | 


“Wa 
4 


TRANSACTIONS AMERICAN SOCIETY OF 


LOCATION. 


Letter. 


c Lykens Valley Bank 


D Tx mine water pump..... ea 
boilers to No. 1 level... 


F (New B.H. Vn 


G High press. to No. 4 slope.... 


H_ From line B to No. 1 level 


| 


No. 1 level to No. 3 level 
No. 1 level to No. 3 level 
No. 3 level, White’s to Lyk. Vn... 
No. 3 level, Lyk. Vn, to No.4 s1.. 
No.3leyv.,Whts.Vn.to No.4 sl.engs. 
No. 3 level, G to No. 4s]. engs.... 
No. 83level to No. 4 level pumps... 
No. 3 level to No. 4 level pumps 
| 


| 


During test of boilers lines Q and 


TABLE 9.—STEAM LINES 


Condition. 
Covering. 


Good Good 


Good Good 


Good Good 
Good Good 
Good Good 
Good Good 


Good Good 


Out for repairs. 


Good Good 


Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 


Good Good 


G off. No heating. Temp. 60°. ....... 


Outside area of pipe incl. flanges, 
per 100’ 


See Map A for Outside Lines and B for Inside Lines. 


MECHANICAL ENGINEEKS. 


Steam Pressure. 


80} 
1004 


80 
80 
80 
80 
S80 


SO 


100 


i. 
I. 


7 
= 
= => 
i> 
= 


VOL 


AND CONDENSATION 


XX. 


Size AND LENGTH OF PIPE. 


Aig 


600 
200 1,560 . 
84) ... 350 ...... 150 
558 
| 
210) ..... 
1,610 .... 350 
1,730 
3) 
990 
400 
525 
332 


840 1,980 4,597 3,770 1,500 3,200, 635 300, 320 380 200 


= - = 
- = = - 
~ - 


Ft. Ft. Ft. Ft.| Ft 
.. B00 380 
100 >) 
35 
80 100 
40 25 


850 700 530 400 315, 280 250 211 185 8 170 123 9 64 50 35 
| 


R. Van A, NORRIS, 


LOSSES—LYKENS VALLEY COAL COMPANY. 


CONDENSATION. 


s : 
WINTER. Outs.40° 
Temp. Outs., 30° ; Inside, 70°. 
REMARKS. 
Heating Total Total 
Buildings. Steam Winter Summer 
Winter Lines. Condans,., Condens., 
Only 24Hrs. 24 Hrs. 
Sq. Ft Lbs Lbs. Lbs. Lbs. 
3,008}...... 12,346 12,346 10,473 Est. equiv, 
3,413 2,300 11,706 14,006 10,068 Breaker and separator. 
3,971 21,100 13,621 34,721 11,714) "and clectric plant 
. . \ Heats shifting house and 
» . 
R416 4,100 2,902 12,000 2,496? supply house. 
108 370 310 
813 & 2.780 2 208 
1.032 3,044 3,044 2,793 
tp: 
636 2,181 2,181 1.876 
4.020 e 11.859 11,854 10.804 
625 ab 2.313 2.3138 1.938 No steam on 
325 “= 13,408 13,408 12,360 No steam on. 
68 216 216 186 
1,291, 3,808 3.808 3.4409 
2.101 6.375 6.375 5.856 
1,731 5,106 5.106 4.691 
1,052 3,103 3,103 2,851 
442) 1,304 1.304 1,198 
1,088 = 3,210 8,210 2,948 
91; 2.864 2.864 2,631 
614 | 1,903 1,93 1,756 
5,08 9,08; 4.0093 
. 5,192 5,102 4.890 No steam on, 
1,987 1,987 1,657 
1,104 3, 257 3,257 2,992 
37,642 32,500, 118,951 151,451 107,200 
81,725 


All sq. ft. per 100 ft. length. 


0.012 1b. condensation in 24 hrs. per sq. ft. per degree difference in tempera- 
ture. Condensation calculate 


on pressures 70 1bs. and 100 lbs. average. 


| | 
} 
| ° . 
Ft.| Ft.| Ft | Ft. Ft.) Ft.) Fr. Fr. Ft.) Ft. 
— |Lines in boiler houses............ 600 
| 
| | 
} 
| 
80) 
| | = 
| 
Wan 


Letter 


~ 


P 
Q 


TRANSACTIONS AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 


TABLE 10.—STEAM 


LOCATION 


Condition 


WILLIAMSTOWN PLANT. 


| 

| 

| 
No. 2 breaker and plane........... Good 
High pres. to foot No. 3S81........ Bad 
Low pres. E. side tunnel... ....... Poor 
Low pres. W. side tunnel... Poor 


Low pres. No.1 fan to ft. No. Poor to 


bad 
Shop and barn .......... Good 
Separator Poor 
Tunnel lev. to No. 3 Sl, bot. .... Unknown 
Tunnel ley. to No. 2 pocket....... Fair 
No, 3 por ket to No Sel. bot: ..... Good 
Abv. No 3 pocket to No. 3 SI. bot.. 
W. of No 2 Good 
E. of No.4 Slope..... Poor 


Whites Vn. to ft. No. 4 Sl... 


Totals, Williamstown Plant... 


Bear VALLEY Store PLANT.—See Map E. 


B. V. Slope, fan and engs 


Totals, Bear Valley Slope Plant 


SEAR VALLEY Map E. 


Boiler house, 


Hoisting engines... .. Good 
Fan, shop, and shaft pumps..... Good 


Fair 


Summit Slope line....... Good 
Fair 
Summit Slope................ Fair 
Fair 


Totals, Bear Valley Shaft Plant 


See Maps C for outs 


Upper poor 
Lower unkno’n 


Coverings 


Steam Pressure, 


VoL 


XX, 


LINES AND CONDENSATIC 


ide, and D for inside ‘ines 


Good 


Good 


Fair 


Fair 


Fair 


Good 
poor 
3°’ none 

Good 

Good 


Fair 
Good 


SU 


Good 


Good 
Good 


Wet 


Good 
Good 


Poor 
Fair 


Wt 


Ww 


S10 


810) 


SIZE AND 
Z 
= 
~ - 
x 
Ft. | Ft Ft 
20) 
yw 


220 

7,335) 2501 
410 

150 


Condensation calculated on pressure 


of 70 and 100 Ibs. 


averages. 


150 10 


0.012 Ib. co) 


4 
| 
| 
| Ft. | Ft.| Ft. | Ft.| Ft 
0 oO 
E 
G 
— K 
I 
N 
SU 
= | 109) ©. |....).... 


R. Van A. 


ATION LOSSES—SUMMIT BRANCH COAL COMPANY 


AND LENGTH OF PIPE CONDENSATION 


WINTER SUMMER 
= remp. 30 Outs... 70 
Inside, 70 Ins., 
== 
4 
Bis |. aa : Total Total 
5 >is if = 7 Steam Winter, Summer 
Lines. Condens. Condens 
Ft Ft. | Ft. Fe. Ft Fi Ft. | Ft Ft Sq. ft Lbs Lbs Lbs Lbs Est. equiv 
ipply 
BH 
Br 0 Coal plane 
10 3153 1,440 10,815 12,255 Breaker heated by ex 
aol , 5.088 5,088 41.265 haust steam 
WW... 3.420 W074 10.081 
) Lin 53.430 2.000 
iz 2.750 8,112 8,112 7.453 
> 0 2 4.013 
251 13.71" 13.700 12,585 
oftices 
$0 300 32 630 2164 14,131 1.858 Heat to shop, barn and 
95.000 | | $4” Dbl. cond 
125, 850).... S000! 255 13” Bare 8 times cond 
850 1.445 4. 1480 4.123 
ZU SSIS 3302010 FO 2.940 1470 400 15.211 15,610 163,881 179,491 146,252 
= 
J ‘4 ) 375 1.400 1.388 2.7838 1,163 
300 30 15 150 625 2.400 2.154 1.554 1.844 
630} 50/....)6 1,021... ....1 6.084) 6.024 5,513 Dbl. cond. for wet shaft 
| 10 100° 1,063 1,063 Dbl. cond. Poor cover'g 
401.850 5401.140 805 .... 150 6,423 3.800 84.550 28 2900 21.660 
| 
i 
ib. condensation in 24 hours per sq. ft. surface per degree difference in temperature ofe 


owe 


TRANSACTIONS 


AMERICAN SoOcreTyY OF MEC 


TABLE 1 


HANICAL ENGINEERS. Vou. XX. 


2.—FRICTION 


AND CONDENSATION J 


Loss of pressure by friction, p,—p, ¢ (Kent, p. 671). W @ 80 Ibs. 
W @ 100 Ibs 
2 = Quantity in cubic feet per minute. c = Varying constant, see table W @ 120 lbs 
W = Weight steam per cubic foot. d = Diameter pipe in inches 
L = Length pipe in feet = 1,009. 
QUANTITY PER Hour. 1.000 Lbs 00 Lhs 5.000 
Cubic fect 76.66 63.83 55.0 191.6 159.6 137.5 383.3 319. 
% |Gauge pressure, Ibs ............... 100 120 104 120 SU) 10 
condensation ...... 0.6 0.7 0.1 0.1 
15.0 | 12.6) 9.1 |...... 75.3 64.8 
4 52.7 
Condensation per hour. S4 S9 93 
Equivalent condensation due to friction, 3 1] 
Total equivalent condensation, .......... 8S 92 
Loss pressure friction. 1.2 10.3) 8.7 | | 4.8) 34. 
conde ‘usation 1.4 1.5 1.8 0.2 0.2 0.2 0.1 
= 2.9) 10.5) 8.9| 7.8 | 41.9 | 34. 
3 56.1 
i Condensation per hour, ° 125 132 138 125 132 138 125 13 
equivalent friction per hour.. 7 5) 67 
4s total per hour 125 132 138 132 137 142 102 li 
condensation .......... 0.5 0.3 0.4 0.1 0 
4 & 
™ Conde nist ition per hour. oe TRS 162 171 179 162 17 
= equivalent {friction per hour 1 1 1 2 
- total per hour 163 is 180 174 18 
14) 14/16, 32) 2 
5” | 58.418 
equivalent friction per hour... 4 
total...... 224 2360 28 
6” | 59.5 | & 
totel...... 245 
= 
= 
1 = 
| 330 34 
10” | 61.8 | | 
Condensation per hour... .... ....... 
condensation. 
is 
12” | 62.1/& 
| 
14” | 62.3 | & 


Condensation per hour 
= equivalent friction.. 


“ 


total 


: 
= 
oe 


YN LOSSES IN STEAM PIPE PER 


5.000 Lb 


218 
61. 
4. 
10.000 Lbs. 15.000 Lt 
275.0 766.6 638.3 550.0 1,149 9 957.5 
120 SU 100 120 SU 100 
0.1 
0.1 
138 
6.7 | | 81.1 | 96.9'|...... 70.0 
0.1 
6.8 | 37.5 | 31.1 | 26.9 |...... 
179 162 171 171 
116 78 22 
186 278 249 236 300 
2.2 12.0 | 10.0 8.6 | 27.0 22.5 
0.2 0.1 0.1 0.1 
3.4 | 12.1 | 10.1 8.7 | 27.0 2.5 
247 £24 236 247 224 236 
3 33 23 17 117 81 
25) 257 259 24 341 317 
0.8 i 3.9 «10.5 8.7 
0.2 0.1 0.1 0.1 


268 244 257 268 244 257 
1 12 9 7 43 30 


528 556 


1,000 FEET. 


120 


20,000 Lbs 30.000 Lbs 
1277 1,100 2,300 1,915 1,650 
100 120 SO 100 
34.5 89.9 77.6 
39.9 34.5 89.9 
236 247 236 21; 
206 152 
442 399 |. | 664 
15 5 | 13.4 41.8 “B48 30.0 
15.5 13.4 | 41.8 34.8 30.0 
257 268 244 257 268 
74 55 403 193 
31 323 647 522 461 
3.5 9.5 7.9 6.9 
3.5 3.0 9.5 7.9 6.9 
347 366 330 347 366 
15 12 7 
362 378 107 401 407 
1.1 1.0 3.0 2.5 2.2 
0.1 0.1 
1,2 1.1 3.0 2.2 
437 467 415 aT 467 
5 21 17 14 
442 471 136 454 481 
0.5 0.4 1.2 1.0 0.9 
0.1 0.1 
0.6 0.5 1.3 1.0 0.9 
555 581 527 555, 581 
2 2 8 7 ) 
557 583, 535 562 586 
0.2 0.2 0.6 0.5 0.4 
0.1 0.1 0.1 0.1 0.1 
0.3 0.3 0.7 0.6 0.5 
652 682 620 652 682 
1 3 3 
653 683 624 655 385 


temperature 
Equivalent condensation due to friction to water at ter 
Loss pressure due to condensation by Marriotte’s Law 


R. Van A. 


Condensation taken at 0.0005 Ib, per hour per square foot ¢ 
surface per degree difference in temperature 
Calculations to 60° externa 


NORE 


317 
134 


451 


4.5 
433 
10 


468 477 


Is 


overed externa 


366 
99 


165 
3.9 


3.9 
467 
31 


498 


bs 
OS. CS 
bs. = 
erature of steam 
Lbs 
319.2 $25.0 1,5: 3066 2.52 » 200 
| 34.7 
0.1 
) 132 
15 
177 
60.5 
0.1 
7.9 60.5 
171 170 
15 
180 354 
2.8 19.4 48 
0.2 
2.4 “48 
236 243 22 
3 
239 307 59 
1.0 7.5 18 74.6 61 8 5 
0.2 
1.2 1.0 4.8 4.0 3.4 10.5 8.7 7.5 18 74.6 61.8 
237 268 24 244 257 268 - 
1 23 10 1,272 546 439 
| 281 34 1.516 803 707 
! 0.2 0.2 1.0 0.9 0.8 2.4 2.0 1.7 4 17.0 12.3 
. 0.3 0.3 0.1 0.1 0.1 0.1 0.1 0.1 
0.5) 0.5) 1.0! 0.9| 25) 21, 1.8) 4 17.0 14.1 12.2 
347 366 330 347 366 330 347 366 33K 330 
2 2 2 8 7 5 2 
0.8] 0.8| 0.2| 0.8! 0.6! 0.5| 1 
criinulsans 0.2 0.2 0.2 0.1 0.1 0.1 0 
0.5 0.4 0.9 0.7 0.6 1, 5.4 
415 437 467 415 437 467 $1 415 
1 1 1 2 2 2 53 
416 | 438 468) 417) 439. 469 42 — 
0.3 0.4 2.1 1.8 15 
— | 581 52 527 555 581 
1 1 19 16 13 - 
582 52 546 571 594 
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Tyrk or = & 5 
» = ox 
= ~= 
- oe 
Lbs. Lbs. | Lbs Lbs Tons, Tons 
B, & W. 7.51) 4.594) 45.94 110.23 5.740 17. 967 | 5.81 14.98) 193.67 199 33 
Williams Cylinder. 6.18 5.628) 56.28 1235.07 6.911 22.011 6.68 18.01) 222.67 600,33 
Inc.Climax.. | 7.22 4.708 47.78 114.67 5.867 18.687 5.90 15.52, 196.67 518.40 
B&W. 8.15 4.233 42.33 101.59 | 5.198 16.555 45.40, 13.97 180.00 45.67 
Cylinder 6.71 5.143 51.43 123.43 | 6.315 20.014 6.24 16.59) 208.00 553.00 
EntirePlant 7.66 4.504 45.04 108.10 5.531 17.615 5.65 14.71 188.33 490.33 
Slope. 7.70 4.481 44.81 107.54 5.508 17.525 5.68 14.64 187.67 15800 
L&W 7.48 4.612) 46.12 110.69 | 5.664 18.0388 5.75 15.038 191.67 501.00 
Lykens. Cylinder, 6.33 5.450) 54.50 130.80 | 6.693 21.315 6.52 17.49 217.33 583.00 
Entire Plant 6.48 5.324) 53.24 126.27 6.538 2.822 6.40 17.12 213. 3 570.67 
B.& W, 
Averages, and Tubular: ...... ....../...... 5.65 14.65 188.25 | 488.50 


The coal consumption and cost are calculated for 10 hours per 
day, 275 days per year, as well as for the full year, as the former 
is about the average working time of these collieries, and a con- 
siderable proportion of the steam is used only for that time; in 
the cost for the working year, however, the full charge for in- 
terest, etc., is included, as sufficient plant must be maintained to 
supply the maximum demand for steam. 

The last column in tables Nos. 5 and 6 gives the cost per 
annum for steam in excess of 40 pounds per I. H.-P. per hour 
for each engine and pump, it being considered that 40 pounds 
should be readily reached even under the disadvantages of col- 
liery practice. Most of the engines’ valves could be changed to 
reach this figure, and while unattainable with the present direct- 
acting pumps, very many of these could be readily compounded 
by adding a high-pressure cylinder, the low mean effective 
pressure in most making this entirely feasible. From these 
figures of cost the engines and pumps worth improving can be 
readily chosen. 

Stream Lixes—The detail dimensions of steam lines are 
given in tables Nos. 9 and 10, with the calculated condensation 
losses from the same ; they are so interconnected in the mines 
that not even a fairly approximate estimate of the quantity of 
steam carried by each line can be made. 

Condition of Steam Lines.—The steam lines as far as practi- 
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cable were all examined, and with very few exceptions found well 
covered with non-conducting material. 

Lykens Lines: /lecedvers Traps.—The lines of the 
Lykens Valley Coal Co. (shown on maps A, Fig. 6, and B, Fig. 
7) were found in uniformly good condition, but five leaks being 
noted, three of these in expansion joints; these lines all run to 
receivers at each level, which act as separators to remove the 
water of condensation and which are all provided with home- 
made traps. 

The condition of the steam on the various levels was found as 
follows by calorimeter : 


No. 1 Level, 2.08 per cent. moisture, near No. 3 Pump. 


mo. 2 “* 0.8 Receiver. 
No.8 “ 0.5 
No.4 20 No. 2 Pump. 


It is manifestly advantageous to remove the water of conden- 
sation from the steam lines as promptly as possible, as owing to 
its greater conductivity it must increase the radiation from the 
pipes, and it certainly is not conducive to keeping tight points. 

The 8-inch high-pressure line “G” was out for repairs and 
not examined. 

Wiuiamstown Lines.—The steam lines in the Williamstown 
Colliery (Maps C, Fig. 8, and D, Fig. 9) were found well covered, 
but in many cases the inside lines were leaking badly, and mak- 
ing the pipe ways so hot that examination was impracticable, 
the temperatures along lines examined reaching over 125 de- 
grees Fahr., and being much higher along other lines a full 


examination of which was not attempted. Most of the leaks — 


were through the threads of flanges; all of these threaded 
flanges should be removed as rapidly as possible, and replaced 
by flanges secured by expanding the pipe into them. Several 
lines with flanges secured in this way were examined and not a 
single leak past the flanges discovered. 

Lines in Bear Valley \Map E, Fig. 10) are all in good con- 
dition, except those down Summit Slope, which need some at- 
tention; the line down Bear Valley Shaft is more or less wet, 
causing considerable extra condensation. 

The Williamstown Lines except in a very few instances are 
not provided with receivers or traps, the water of condensation 
being blown off from tees and partly open valves into the 
sumps, resulting ina great loss of steam and considerable un- 
desirable addition to the temperature. 
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Williamstown Colliery 
Lykens, May 1898 


Map C.—Fia. 8 
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THE GENERATION 


AND UTILIZATION OF STEAM. 6D 


Condition of Steam.—The condition of steam at the various 
5 levels was found as follows: 


No, 2 Pocket.... 2,4) per cent. moisture, low pressure line. 
No. 3 Slope Bottom....... high 

Summit Slope Bottom.... 4 
Bear Valley Slope Bottom, 3, 


The pressure in the 8-inch high-pressure line at the foot of 
No. 4 Slope had fallen to 64 pounds; this line carries all the 
high-pressure steam from the boilers, amounting to over 40,000 
pounds per hour, and is overtaked. A portion of this steam 
could with advantage be admitted into the low-pressure system 


at the boiler house, through a reducing valve, as is done now 
inside the mines, the pumps on this line not using all its steam. 
In the boiler test made with separator coal this is strongly 
evinced, the Climax waste heat bo‘lers more than doubling their 
output and that of the Babcock & Wilcox being correspond- 
ingly reduced, while maintaining full pressure, showing that the 
pipe was carrying all it could take. 

Losses.—The table No. 12 gives 
the losses per 1,000 feet of various-sized pipes due to fric- 
tion and condensation, and will, we think, be of value in pro- 
portioning future pipes; in using it, it should be noted that the 
total equivalent condensation is the measure of the loss in heat 


Friction and Condensation 


units, but the economy of use of steam in engines increases with 
its pressure. 

Condensation.—No very satisfactory figures were found in the 
text-books for the absolute condensation losses in pipes, most 
of the figures given being comparative with hair felt. The 0.012 
pounds per 24 hours per square foot pipe degree Fahr. differ- 
ence in temperature of steam and external air used in the cal- 
culations is based on the following : 


Water 


24 Hours 


Test by Location 


Lbs. 


in 


Redle & Bauer. Line G, L. V. C. Co. 4,130 11,: 


315 2.74 262 .0104 Asbestos. 
I&J, L. V. C. Co. .|/3,892) 9,360 2.40234 .0108 = 
..|A. 8. M. E.. . BO8 .0105 Macnesia sect’ l. 
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The last test from paper, by C. L. Norton ( 7'ransactions Amer- 
ican Society Mechanical Engineers, June, 1898), was made with 
great care, and was given weight in deciding on .012 as a proper 
figure to be used in the calculations. In the course of Mr. Nor- 
ton’s experiments he found that a pipe boxed in with charcoal 
1 inch minimum thickness was 20 per cent. better insulated than 
magnesia covering, corroborating the statements by Mr. Rein- 
hart (general inside foreman Lykens Valley Coal Company) of 
his experience in using flue dust to insulate pipes. If this were 
packed in metal instead of wooden boxes, to avoid fire risk, it 
would seem to be an excellent non-conducting covering, and 
well worthy of a careful trial. 

Engines and Pumps.—The sizes and performance of pumps and 
engines of the Lykens Valley Coal Company and the Summit 
Branch Coal Company are tabulated in tables Nos. 5 and 6 
respectively. All of these were carded by either Mr. McKay or 
the writer, and copies of average indicator cards are given 
herewith. The total steam per horse-power per hour includes 
an allowance for cylinder condensation, based on data in Kent's 
“ Pocket-book.” The maximum speed given is the highest at 
which each has been continuously run not necessarily its abso- 
lute maximum. 

Fun Engines.—In examining these it is evident that all the 
fan engines are much too large, and are cutting off at nearly full 
stroke with a very low mean effective pressure, and using enor- 
mous quantities of steam; especially is this the case with the 
four 25-foot fans, with 24 =x 36 inch engines, using from 75 to 
86.5 pounds steam per horse-power per hour (cards | and 100). 
By supplying these engines with new valves, with more lap, or 
riveting on strips to increase the lap, to cut off at about ! stroke, 
the steam consumption could probably be reduced to at least 
49 pounds per horse-power, reducing the steam consumption for 
the seven fans, with slide-valve engines, from 16,600 pounds to 
at least 8,600 pounds per hour. The Bear Valley Shaft fan 
(eard No. 49), with Corliss engines, shows 24.3 pounds indicated 
and 39.4 pounds total steam per horse-power per hour. The 
fan, however, is running but 52 revolutions and indicating 40.2 
horse-power, while its designed speed is 85 revolutions, which 
would require about 177 horse-power, and the engine designed 
for the latter is cutting off at less than 5 per cent., far below its 
most economical point. 
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Summit Branch Coal Company. Card numbers as in Table No. 6. 


No. 4 Store, Hoistinc 30” 
120 Revs. - 40 Sprine. 


AFTER SETTING VALVE 


No. 22. 


No. 4 Store, Hoistinc Enacines 30” 


100 Revs. - 40 Sprina. 


BEFORE SETTING VALVE 


No. 24. 


No. 4 SLOPE, No. 9 CAMERON, ALLISON Pump 22° 72°x 10” 


EXHAUST INTO TAIL PIPE. 
40 Sprina. 


Fig. 11. 


Al 
No. 22. ite 
= 
= 
( Pa 
= 
Norris 
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Summit Branch Coal Company. Card numbers as in Table No. 6. 


Nos. 13 Anpb 14. 


No. 2 Pocket, No. 3 Griscome Pump 22’ 36x 10” 
40 SPRING. 


No. 19. 


No. 3 SLOPE, No. 7 Govne Pump 22'x 36x 10” 
40 SPRING. 


Norris 


x 


\ 
| \ 
| \ 
| 
Norris 
Fig. 12. 


¥ 
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Summit Branch Coui Company. Card numbers as in Table No 
Nos. 47 AND 48. 
GREENFIELD RIcoLeR Pump 13 & 20'S x 16 x 7! 
96 Revs. -50 Sprina. 
ie 
) 
Nos. 47 AND 48. 
Grcenrietp RIFDLER Pump 16 7 
85 Revs. - 50 SPRING. 
CROSS PIPE CLOSED ee 
] 
| 
Norrk 
No. 49 
BEAR’VALLEY SHaFT Fan ENcinE 18 x 36” 
52 Revs. - 50 Sprina, 


Norris Fig, 13. 
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Summit Branch Coal Company. Card numbers as in Table No. 6. 


11. 


No. 3 SLOPE,HoisTinG ENGINEs 48” 
64 Revs. - 40 Sprina. 


Norris 


No. 12. 


No. 3 SLope, HoisTING ENGINES 26'x 48” 
64 Revs. - 40 Sprina. 


Fia, 14. 
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Summit Branch Coal Company. Card numbers as in Table No, 6 


SEPARATOR PLANE HoisTina ENGINE 14'x 30" 
136 Revs. - 30 SprING. 


HOISTING 


Norris 


No. 45. 


No. 2 BREAKER EnaiNes 20” 
146 Revs. - 40 SPRING. 
4TH. NOTCH 


Norris 


No. 45 
No. 2 BREAKER, ENGINES 16'x 20” 

146 Revs.—40 Sprina. 
3rd. NOTCH 


3 
No. 42. 
& 
a 
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Summit Branch Coai Company. Card numbers as in Tab'e No. 6, 


No. 29. 


No. 3 SLOPE, ALLISON & BANNAN CAR TRANSFER 8"x 12” 
200 Revs. - 40 Sprina. 


WITH CAR ON ROPE 


No. 35. 
BEAR VALLEY SLOPE, JEANSVILLE Pump 16 x 12x 7” q 
30 SPRING. 
= 


Norris 


Fic. 16. 
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Lykens Valley Coal Company's Engines and Pumps, 


with those in Table No. 5. 


No. 131 
No. 1 Butt Boiter House Pump 116 x 
iO Sr 


( 


are 


STE 


\M. 


Humbe 


73 
No. 130. 
105 Revs. - 30 
4 
| 
\ 
No. 131. 
| 
No. 1 LeveL, No. 1 Buit B aH Pump 116'x 2114" 
< 
40 Ss Lae, : 
q 
4 91%," 
—-- - 
4 ie. 17. 
| 
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Lykens Valley Coal Company’s Engines and Pumps. Card numbers correspond 
with those in Table No. 5. 


Nos. 115-118. 


No. 4 Lever, No. 2 JEAnsvite Pump 10” 


Revs.-30 SprinG.-SYPHON CONDENSER. 


Norris 
Nos. 119 AND 120. 


No. 4 Lever, No. 1 JEANSVILLE Pump 24's 38 x 36 x 10" 


Revs.~30 SprRING.- ExHAUsST INTO TAIL Pipe, 
— 


Norris 


No. 128. 


No. 3 LeveL, No. 4 Attison Pump 30 x 144” 


30 SPRING. 


Ira. 18. 
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Summit Branch Coal Company. Card numbers as in Table No, 6, 


Summit Store, CAMERON Pump 24 x 36 x 12 


40 Sprina. 


PACKING TIGHT 


Norris 

No. 52 

3 

Summit Stope, CAMERON Pump 24" 36 12” 
20 Revs. - 40 SPRING. 


Norris 


No. 59. 


Bic Lick SLope East Hoistinc Enaines 24'x 36” 
64 Revs. - 40 Sprina. 


_ 


HOISTING COAL 


Norris 


Fie. 19. 


5, 
No. 52. 
\ 
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Lykens Valley Coal Company’s Engines and Pumps. Card numbers correspond 
with those in Table No. 5, 


No. 100. 


SHORT Mountain, No. 2 FAN ENaINe 24° 36” 


60 Revs. -30 SPRING 


Norris 
No. 110. 
No. 1 Lever, No. 4 ALLIson Pump 16%” 
30 SPRING 
. 


Nos. 111 AND 112. 


No. 1 LeveL, No. 2 Griscoms Pump 9 


30 SPRING 


Dviiis 


Fia. 20. 


y, 
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Summit Branch Coal Company. Card numbers as in Table No. 6. 
No. 1. 
No. 1 South FAN Enaine 36” 
64 Revs. - 30 Sprina. 
Nos. 3 AND 4. 
HicH PRESSURE BOILERS. JEANSVILLE Pump 10°x 12° 6" 
30S 


Nos, 6 AND 7, 


Coat PLANE HoistinG ENaines 10x 14” 
200 Revs. - 40 SPRING. 


— 
‘ 
Mound 
Noisis 
Pia. 21. 
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The No. 1 and No. 2 25-foot fans of both the Lykens Valley 
Coal Company and Summit Branch Coal Company are so 
arranged that either may do the work, the other standing idle, 
and it appears probable that considerable economy would result 
from running them in that manner, if inside conditions will 
permit. 

Hoisting Engines —Except the new engines at No. 2 Breaker 
Coal and Dirt Planes, Bear Valley Shaft and Big Lick Slope 
(eards Nos. 6 and 7 and 5), showing 32.7, 38.5, 39.6, and 39.1 
pounds total steam per horse-power per hour, all the engines 
of both companies showed very poor steam economy ; the valves 
of No. 4 Slope, Summit Branch Coal Company, engines (card 
No 22) were reset, improving them somewhat. All of these 
engines are of old pattern, with very small port areas ; they 
could probably be somewhat improved by new valves, but not 
very materially. 

Attention is especially called to the Short Mountain Slope 
engine, a single engine with fly-wheel and geared drum ; this is 
in very bad condition—cylinder worn, bed plates cracked and 
foundation loosened—and if this slope is expected to have any 
considerable life it would certainly be advisable to get a new 
pair of modern engines for it. 

The hoisting engine at the Williamstown Separator Plane is 
also worn out, the valve leaking very badly (see card No. 42, 
Table No. 8). The valve seat probably needs refacing, and with 
a new valve the engine would probably continue to do the little 
work required of it for a considerable time, with more nearly 
reasonable economy. 

The Bear Valley Slope hoisting engines are now being re- 
placed. 

Miscellaneous Outside Engines.—All the outside stationary en- 
gines except those in No. 2 Breaker, Summit Branch (cards No. 
45), and Lykens Separator, show excessive steam consumption, 
which could be muth reduced by increasing the lap of the 
valves. Especial attention is called to the car transfer engine at 
the head of No. 3 Slope, Williamstown, which consumes steam 
at the rate of 201 pounds per horse-power per hour, and badly 
needs a new valve. (Card No. 29. The card given is with cars 
on the rope; the engine runs empty most of the time.) The 
No. 2 Breaker engines show better ecenomy cut off at the 
fourth notch of the reverse lever, where they were designed to 
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run, than at the third notch, where it was necessary to run them, 
on account of heating, the total steam consumption being 35.3 
and 38.5 pounds per horse-power per hour respectively (card 
Nos. 45). 

Va/ves.—In considering the advisability of making new valves 
for many of these engines, it must be remembered that in almost 
all cases the eccentrics are keyed fast and will require resetting, 
and that the valve rods have no adjustments outside the steam 
chests, and in the older small engines no adjustments of any sort, 
except by cutting and rewelding the rods. 

Outsile Pumps.—The outside pumps for boiler feed are all do- 
ing as well as could be expected of pumps of their type (card 
Nos. 3 and 4). 

Fresh-water Pumps.—At the Greenfield plant the Riedler pump 
shows the best steam economy found, viz., 27.7 pounds total 
steam per horse-power per hour ; the pump was, however, being 
run with the starting pipe partly open, feeding live steam to the 
low-pressure cylinders, to enable the required speed to be main- 
tained. This could be done with better economy by raising the 
boiler pressure. The cards Nos. 47 and 48 show the effect of 
opening this cross pipe ; with it closed, and at lower speed, the 
steam consumption was 1.2 pounds lower on a much less power. 
The Cameron pump at this station, used for emergencies, is in 
bad condition, the crib foundations very weak, and the pump 
pounding badly. 

The two pulsometers at Lykens breaker were roughly tested 
by measuring by weir the quantity of water reaching them, and 
taking its temperatures before and after passing, and showed a 
consumption of over 700 pounds of steam per horse-power per 
hour. It seems as though some more economical means of 
raising this dirty and gritty water might be devised. 

Mine Pumps.—The mine pumps use a very large proportion of 
the steam generated at these collieries —about 50 per cent. at 
Lykens Valley, 64 per cent. at Williamstown, 82 per cent. at 
Bear Valley Slope, and 81 per cent. at Bear Valley Shaft. 

The mine pumps at Lykens are generally in good condition, 
though, except the two Jeansville compounds, at the foot of 
No. 4 Slope, of antiquated type: The Williamstown pumps are 
not as good, many of them having badly worn valve motions and 
plungers, and a number with bare steam cylinders. 

Only a few of the pump cards have been engraved, but Nos. 
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13, 19, 24, 35, and 52 of the Summit Branch Coal Company, and 
110, 111, and 128 of the Lykens Valley Coal Company, are typi- 
eal of the various pumps in use. 

Cards No. 131 are from the two ends of the single-acting 
Cornish “Bull” pump, the steam pressure raising the rods, 
which act on the plunger by weight on the return stroke. 

Excepting the compounds, the Lykens Valley pumps average 
55.5 pounds steam per horse-power per hour, and the Williams- 
town 61.2 pounds, the difference being mainly due to the use of 
syphon condensers on six of the twelve Lykens Valley pumps, 
while all the Williamstown exhaust into the tail pipes. All the 
‘Lykens Valley pumps are provided with counters, which are read 
daily, giving a complete record of the work done, while none of 
the Williamstown pumps are thus equipped, and the table of 
performance is necessarily based on counting at intervals, which 
was done during the boiler tests. 

Compound Pumps.—The economy of compound pumps is very 
marked, the two compounds using respectively 27.7 (card Nos. 
115-118) and 39.4 ‘card Nos. 119 and 120) pounds of steam per 
horse-power per hour, exhausting into syphon condenser and 
tail pipe, while the average of all the other mine pumps is 
about 58.5 pounds, so that by replacing all the pumps with 
compounds, a saving of about 34 per cent. of the steam should 
be attained, amounting per day of average work to 220,000 
pounds for Lykens, 295,009 pounds for Williamstown, and 
105,000 pounds for Bear Valley Shaft and Slope, or a total of 
620,000 pounds per day, costing about $14.50 for Lykens Valley 
and $23.30 for Williamstown, or about $13,800 per year for the 
two companies, and compound pumps could readily be made to 
handle the water in two lifts instead of in four in each colliery. 

Pump Valves —The steam valves were generally found well 
set, and where they were not were left in that condition, with 
but few exceptions, as the cards herewith show. Attention is 
called to cards No. 52, Summit Branch, showing the effect on a 
slow-moving pump of a small leak in the steam packing. 

Water Ends.— No cards were taken on the water ends of any of 
the pumps. 


Speed.—The maximum speeds of the various pumps given on 
the sheets is the highest speed at which they are stated ever to 
have been run for any length of time; not necessarily the high- 
est that they could be run in an emergency. The tabulated 
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steam consumption at maximum speed is in proportion to the 
increase of speed. In the absence of data it was believed that 
the increased resistance of the columns at higher speeds would 
be about balanced by the decrease in steam consumption per 
horse-power attending the increased pressure. The “test 
speed” given in Tables 5 and 6 is about the average for the 
year. 

Pumping Capacity.—The plunger displacement of the various 
plants in gallons per minute is as follows, the actual capacity 
involving an unknown and variable allowance for slip : 


LYKENS VALLEY COAL COMPANY. 


No. 1 LEVEL. 


Pump Diameter of Plunger Speed, 
No. 


Plunger. Feet per Minute Gallons per Minute. 
Inches. Test. Max. Test Max. 
1 214 40.3 15.9 760 866 
2 Dup. 93, 234.0 309.0 805 1,032 
3 156.4 852 
4 16} 70.0 93.3 754 1,005 
‘Total No. Level 60 2,319 3,799 
No. 2 LEVEL. 
1 16} 40.8 105.0 441 1,13 
2 12} 107.6 658 
é 16} 67.0 105.0 721 1,13 
4 123 107.8 138.0 701 897 
No. 3 LEVEL. 
1 124 115.4 692 
2 128 73.6 113.3 478 737 
a) 16 66.6 104.0 768 1,086 
4 14} 98.8 139.5 819 1,156 
No. 4 
2 10 Dup. 111.0 210.0 453 857 
Total pumped to surface, L. V.C. Co ............. 2,319 3,755 
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SUMMIT BRANCH COAL COMPANY. 


Plant Real Pump Diameterof Plunger Speed, Gallons per 
No. Plunger. Feet per Minute. Minute. 

Inches. Test. Max Test. Max. 
WILLIAMSTOWN, No. 2 Pocket 1 10 92.8 208.0 278 848 
2 12 33.0 175.0 7s1 440) 
3 10 Dup. 292.8 450.0 1,194 1,856 
No. 3 Pocket va 10 98.4 150.0 401 612 
No, 3 Slope 4 10 175.8 188.8 717 770 
a) 9 158.8 201.5 525 666 
G 16 49.4 99.9 515 1,042 
a 10 106.8 150.0 436 612 
No. 4 Slope 8 8 186.3 232.3 186 580 

9 10 105.6 216.0 431 R81 
10 16 43.8 84.0 157 S77 
11 10 Dup 128.8 200 0 926 S16 
B. V. First Lift 9 102.7 146 7 339 485 
9 83.6 146.7 276 485 
Second Lift - 7 Dup. 81.6 120.0 163 239 
B. V. Saartr... Upper Lift Stoam. &4.0 120.0 219 313 
Lower Lift be 8 72.5 120.0 189 313 
SUMMIT SLOPE... Blake 12 54.0 120.0 317 
Niagara ae 9 102.7 146.7 339 485 
Cameron 5 12 108.0 180.0 634 1,058 
Total pumped to surface, Br, C. Co............. 


Speed.—It will be noted that the Williamstown pumps are run 
at considerably higher speed than those of the Lykens Valley 
Coal Company, which probably helps to account for their worse 
condition. 

Leakage and Stip.—The plunger displacement of the No. 3 
Level L. V. pumps during the boiler tests was 2,065 gallons per 
minute, while the displacement for those at the No. 2 Level, 
which repumped all the No. 3 water and some additional, was 
but 1,875 gallons per minute ; it would be advisable to carefully 
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examine the No. 3 Level pumps for slip, and the column pipe 
and the No. 2 Level sumps for leakage. 

Cylinder Cocks. —The cylinder cocks in the mines were invari- 
ably found closed_at Williamstown, and so slightly open at 
Lykens as to lose comparatively little steam through them, but 
at Williamstown, where the cocks were closed, separators on 
most pumps were found more or less open, blowing into the 
sumps. It seems probable that the use of automatic snifter 
valves on all engines and pumps would give a considerable say- 
ing of steam, if they were kept in order. 

Hoisting Water—The economy of hoisting water from the 
mines, instead of pumping, is very forcibly shown by the rela- 
tive performance of the pumps and more modern hoisting en- 
gines, the pumps averaging nearly sixty pounds steam and the 
engines less than forty pounds per horse-power per hour, which 
difference is much increased in practice by the gain in finally 
disposing of water hoisted without loss by slip of pumps or 
leakage of columns. It would seem advisable to consider the 
question of hoisting the water from Bear Valley Shaft by cage 
tanks. Independent of the greater economy of hoisting over 
pumping water, the former has the great advantage of being 
free from the danger of drowning by heavy influxes of water. 

Steam l’sed.— The steam generated and accounted for at each 
plant is shown in the schedule Table No. 11, the unaccounted 
for steam comprising all leakage except from safety valves, 
which was estimated, and all unaccounted for use: this differ- 
ence amounts in the Lykens plant, where the lines were in good 
condition, with no apparent serious leakage, to 13,4; per cent., 
and it would seem that any difference exceeding about 15 per 
cent. must be due to preventable leaks. The 15} per cent. differ- 
ence in the small plant at Big Lick is known to be due to leak- 
age, which was estimated by comparing the escaping steam 
with the steam from the calorimeter at 2,200 pounds, nearly 
equalling the difference found, the 38 per cent. difference at 
Williamstown being unquestionably due to the large leaks and 
blow-offs in the mines. 

Conclusion.—In conclusion, I want to express my indebtedness 
to Mr. T. M. Williams, superintendent Lykens Valley Coal 
Company and South Branch Coal Company, for the full facilities 
given me in making this investigation; to Mr. W. T. Reinhart, 
general inside foreman, and Mr. Frank Bauer, boiler inspector, 


‘ 
. 
5 
a 
a 


&4 THE GENERATION AND UTILIZATION OF STEAM, 


for their assistance and suggestions, Mr. Reinhart having ac- 
companied me in the very trying inspection of the steam lines, 
and Mr. Bauer having been invaluable in conducting the boiler 
‘tests and having voluntarily taken night shift on the same ; and, 
most of all, to Mr. Hood McKay, assistant engineer, to whose 
unremitting work and many and valuable suggestions are due 
the completeness of the data obtained. I am also indebted to 
Mr. Bedle, machinist Lykens Valley Coal Company, for assist- 
ance and data in regard to the steam lines, and to Mr. Radle, 
machinist Summit Branch Coal Company, for the same, Mr. 
Bedle’s data being especially well arranged and valuable. 


DISCUSSION. 


Mr. Robert Allison.—I notice in Mr. Norris’s paper that the 
Allison pump takes up considerable of the publication. 

I would say that the first of the Allison pumps referred to 
were put in the mines about 1872, and most of those pumps, I 
suppose, have averaged about twenty years of almost constant 
use. 

Mr. Norris, in his paper, speaks of some of the pumps being 
in pretty bad condition ; those who know little about mine water 
cannot realize how mine pumps are used, and the difficulties they 
have to go through from acid in the water and carrying steam 
through long lines of steam pipe. I did not look over the tables 
of length of steam pipes, but suppose some of the pipe lines are 
2,000 feet or more. In this connection I would like to quote 
from a circular prepared by permission of the Co//iery Engineer 
from a letter addressed to them by one of the pump engineers 
in March, 1890. The pumps referred to are all of the regular 
Allison Cataract mining pump pattern. The article was written 
without the knowledge of the builders of the pumps. 

‘‘Short Mountain Colliery, belonging to the Lykens Valley Coal Company, is 
located in Wiconisco Township, the northeastern part of Dauphin County, in the 
north prong of the Dauphin fork, or the extreme western end of the anthracite 
coal measures. It is one of the many collieries in which, if you want to keep 
mining, you must have plenty of pumps and keep them in very good order to do 
your pumping. 

‘‘We have at this colliery fourteen (14) pumps of different styles, sizes, and 
capacities, viz. : 

‘One Bull, or Cornish pump, diameter of steam-cylinder 44 inches ; diameter 
of water-cylinder 22 inches ; stroke 10 feet ; capacity 886 gallons ; distance from 
steam-boilers 30 feet. 
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* Three (3) Allison pumps, diameter of steam-cylinders 88 inches ; diameter of 
water-cylinders 16, inches; stroke 6 feet ; capacities 1,116 gallons each; dis 
tance from steam boilers, respectively 1,250, 1.680, and 2,300 feet. 

‘*One Allison pump, diameter of steam-cylinder 30 inches ; diameter of water- 
cylinder 14} inches ; stroke 6 feet ; capacity 864 gallons ; distance from steam- 
boilers 2,300 feet. 

‘‘One Allison pump, diameter of steam-cylinder 30 inches ; diameter of water- 
evlinder 12) inches; stroke 6 feet ; capacity 630 gallons ; distance from steam 
boilers 1,700 feet. 

“One Allison pump, diameter of steam-cylinder 27 inches ; diameter of water- 
cylinder 124 inches ; stroke 6 feet; capacity 714 gallons; distance from steam- 
boilers 2,300 feet. 

‘*One Allison pump, diameter of steam-cylinder 27 inches ; diameter of water- 
cylinder 123 inches ; stroke 6 feet ; capacity 684 gallons ; distance from steam- 
boilers 2,300 feet. 

‘*One Allison pump, diameter of steam-cylinder 36 inches ; diameter of water- 
cylinder 16} inches ; stroke 6 feet ; capacity 1,116 gallons ; distance from steam- 
boiler 1,680 feet. 

‘*One Allison pump, diameter of steam-cylinder 25 inches; diameter of water- 
cylinder 12 inches ; stroke 6 feet ; capacity 630 gallons; distance from steam 
boilers 1,680 feet. 

“One Grisecom (Duplex) pump, diameter of steam-cylinder 22 inches ; diameter 
of water-cylinders 10 inches ; stroke 3 feet ; capacity 1,225 gallons ; distance from 
steam-boilers 1,420 feet. 

‘*One Carter & Allen pump, diameter of steam-cylinder 26 inches ; diameter of 
water-eylinder 12 inches ; stroke 6 feet ; capacity 560 gallons; distance from 
steam-boilers 1,000 feet. 

‘*One Niagara (Hardick) pump, diameter of steam-cylinder 26 inches ; diameter 
of water-cylinder 6 inches ; stroke 3 feet ; capacity 114 gallons; distance from 
steam-boilers 3,500 feet. 

‘One Cameron pump, diameter of steam-cylinder 18 inches ; diameter of water- 
cylinder 8 inches ; stroke 30% inches ; capacity 280 gallons ; distance from steam- 
boilers 3,100 feet 

“In the aggregate, when pumps are running at maximum speed, we are able 
to pump 11,275 gallons per minute, or about forty-seven (47) tons per minute. 

“This is the amount that can be pumped over one section or pump-lift of 
about 315 feet, but we have five (5) sections or pump-lifts in the colliery equal to 
a vertical height of 1,576 feet. There are four (4) pumps on each section or 
pump-lift, but the two lewer have only one pump on each section or lift. I will 
now give you the record of the four pumping over our upper section, commenc.- 
ing with the year 1886 : 


Year. Gallons. Cubic Feet. Tons 
704,738,176 94,209,791 2.944.055 
593,105,632 79,296,690 2 477.709 
531,939 ,234 71,109,933 2.299 186 


2,529, 457,060 338,139,224 10.566.851 
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‘« Equal toa lake of water ten (10) feet deep, two hundred (200) feet wide, and 
thirty-two miles long; or, four years or 1,460 days, oursaverage pumping was 
1,732,505 gallons per day, equal to 248,963 cubie feet, or 7,780 tons, equal to 3-4 
tons per hour, or nearly five and one-half (5)) tons per minute, During the same 
time we sent to market 852,831 tons of coal and pumped twelve and four-tenths 
(12,4,) tons of water to every ton of coal sent to market. 

“«This calculation is based on 2,000 pounds toa ton. You will understand me, 
this amount of water is pumped over one section or pump-lift of 315 feet, and the 
same water has to be handled three times and some of it five times. Also, while 
our average for four years has been 1,732,505 gallons per day, there have been 
times when we have pumped in twenty-four hours 4,500,000 gallons, equal to 
18,798 tons, or about thirteen (18) tons per minute. I think there are very few 
collieries in the anthracite region that handle as much water as we do, 

‘**T will conclude by giving you a complete record of one of the pumps of this 
colliery. 

“The pump was purchased of Messrs. John Mullen & Son, Shamokin Iron 
Works in the fall of 1884, It was placed in position on our No. 3 level or pump 
station, and commenced running April 25, 1885. I did not keep a record of its 
work that year, but there was no expense incurred but the simple running wear- 
and-tear expenses. I kept a daily record for four years, beginning with the year 
1886. It is an Allison pump, 38-inch steam-cylinder ; 16)-inch pole, and 6-foot 
stroke, working on a lift of 301 feet vertical, and a water pressure of 131 pounds 
to the square inch ; length of column pipe 342 feet; diameter of column 12 
inches ; distance from steam-boilers, 2,300 feet. 


Year, Days. Gallons. 
re 329 256,587,148 3,651,904 tons of 2,000 pounds, or 
2,771 tons per 24 hours, or day, or 
See 360) 999 800 499 nearly two tons per minute. 


1,318 | 874,192,507 
“Or equal to a travel for 1,318 days of 84,559,274 feet, a fraction over 16,022 
miles, or about twelve and one-sixth (12!) miles per twenty-four hours. The 
average for four years is 27,636 gallons of water per hour, but there have been 
times when we have pumped 67,080 gallons per hour with this pump, and in all 
that time we have had only one shell leaking. I am satisfied that the expense on 
the pump during that time has not been ten dollars outside the ordinary wear 
and tear, 
‘«Yours very respectfully, 
“JAMES G, BATEMAN, Mining Foreman. 
‘*LYKENS, DAUPHIN Pa., February 24, 1890.” 


A little examination of the circulars will show those not 
acquainted with the mining of anthracite coal the reason that 
anthracite coal is not bringing a price that will pay for mining 
and preparing it for market. If they could sell the water that 
has to be pumped in connection with the mining of the coal, 
and throw the coal away, they would make money; unfor- 
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tunately they cannot do that (I make this remark merely to 
call attention to the quantity of water pumped in proportion to 
the amount of coal mined). 

Mr. Daniel Ashworth—The author of this paper has been 
very frank and modest in the description of the operations of 
the series of tests, and it is much to be regretted that they are 
surrounded by so many assumptions and so much of uncertainty. 
Undoubtedly it has involved a great deal of labor, together 
with a great deal of time and attention. Familiar as Tam, in 
my practice, with indicator diagrams, I would say, as far as 
the steam engines are concerned, that if I were to undertake 
to remodel such a plant I would take the whole thing out, root 
and branch, and put in something modern. They bear upon 
their face a very antiquated type of mechanism, and these 
diagrams show an exceeding waste to start with. Tam aware 
that there are circumstances and conditions in which it is 
impossible, as the writer has stated it, to get these down to 
where we wish them. I think it is to be regretted exceedingly 
that so much time and so much interest have been manifested 
in getting up these results, which seem at the end to be full of 
sound and fury, signifying nothing. I would be very much 
pleased, indeed, to sce at any time a thorough and complete and 
exhaustive test. in which we would arrive at more aceurate 
results—in which there would be something tangible. But the 
pumps, I would say, want to be torn out and something modern 
put in. 

Mr. Fn derick Meriam Whee ler.—Mr. Allison remarked, as he 
took his seat, that it hardly pays to mine this anthracite coal, 
and if they could sell the water and throw away the coal it 
would be a good investment. It seems to me that if they could 
improve the economy of these pumps which take so much of 
their coal, perhaps he might modify his remarks somewhat. 
Or, in other words, it would not cost them as much to mine 
the coal. As Mr. Norris remarks, by compounding these pumps 
they could no doubt save a great deal of money. As a matter 
of fact, in direct-acting pumps we gain more in compounding a 
pump than you do in the ordinary steam engine, for well-known 
reasons. In fact, we expect always to secure a saying of at least 
one-half. Now imagine half their coal bill saved by simply 
compounding the pumps. 

As regards the economy about which Mr. Norris speaks in his 
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paper (eighty pounds), that is certainly very flattering. I am 
inclined to think it is too good a showing. I think the cylinder 
condensation is very much more than he imagines, especially 
with the ordinary duplex pump such as they are using. I 
imagine most of his pumps are of that make. In making some 
tests on the cruiser JVinveapolis, not long ago, the economy of 
the pumps, mostly of the duplex type, varied very much accord 
ing to ther pressure and their speed. For instance, the main 
feed pumps, running at a fair rate of speed, showed at their best 
an economy of about ninety pounds weight of steam per indi- 
cated horse-power per hour. Those tests were very carefully 
made, considering that they were at sea at the time, and were 
done with a surface condenser, measuring quite accurately the 
water of condensation from the pumps. Of course Mr. Norris 
could not make any such tests, and they had to approximate 
the condensation ; or, in other words, his economy is simply 
from figuring the indicator cards. Then, again, clearance loss is 
very large in the duplex type of pump. Very rarely do you 
find a pump making its full stroke ; or if it does on one side it 
will run perhaps shorter on the other; consequently the clear- 
ance is a very serious matter. Take a pump with say twenty- 
four inch stroke, and if it is short at one side on one inch, it 
adds four per cent. to the clearance loss, to say nothing about 
the normal or ordinary clearance in the cylinders. I would 
say that the actual amount of steam used by those pumps was 
at least fifty per cent. higher than he has given in his tables. 
The slippage he speaks about in the feed pump is certainly 
very little, and as the water, [ understand, was accurately meas- 
ured in tanks, so we must accept it as quite correct. It cer- 
tainly is very favorable, especially as you remark the pumps 
get pretty rough usage. There is no doubt but that, repeating 
the remark that Mr. Norris made, it would really pay to put in 
a more economical type of pumps, even if they were the ordinary 
direct-acting system. 


Mr. Henry I. Suell.—In the discussion of this paper, I would 
like to refer to Table No. 4, on page 57, where a comparison 
is made between the results obtained in creating blast by a fan 
blower of very imperfect construction and design, and by steam 
jets. For information, I would ask some questions in regard to 
some of the data in this table, which I do not fully understand. 

First, the average water pressure obtained by the use of the 


THE GENERATION AND UTILIZATION OF STEAM. SY 


steam jets is given as 44 0f an inch pressure per square inch, 
and with the fan blower an average water pressure of .52 of an 


inch was obtained. 

Second, the amount of power in the air delivered by the 
steam jet is .172 horse-power, and by the fan blower it is .280 
horse-power. As the amount of air delivered, multiplied by 


the velocity due their respective pressures, would be the measure 
of power, it would follow that the fan was delivering the larger 
volume, and this is confirmed by the table itself, where it states 
the volume of air from the steam jet is 2,502 eubie feet per 
minute, and from the fan 3,506 eubie feet. 

: Third, the amount of coal burned with the steam jets is 


given as 962.5 pounds per hour, and only 762.5 pounds with 
the fan. Apparently, it would seem, the larger amount of coal 
would be consumed with the larger volume and higher pressure 
of air, especially when the combustion seems more complete 


with the fan, as shown in the table by the percentage of ash in 
the two cases. 

Another point, he gives in the same table the percentage of 
the total horse-power generated by the three boilers that are 


used by the steam jet and by the fan blower, which, in the case 
of the steam jet, is 7.4, and of the fan 4 per cent. This table 
was first published in the Colliery Lugineer, in answer to an 


inquiry from one of its correspondents, who was using steam 
jets under his boiler grates, and who asks: “Could we supply 
air by fan power with much greater economy, and just as effec- 
tually?” While the results stated in the paper may be correct, 
as applied in this case, with a fan not well adapted to the work, 


as would seem to be the ease from the data given in the paper, 
: yet the facts certainly are misleading in giving the comparative 
results obtained in innumerable cases in more modern practice 
and application. In the anthracite regions, using the same kind 
of refuse fuel, there are many cases where fans using about 18 
horse-power to drive them are applied to boilers that are devel- 


oping 1,800 to 1,950 horse-power, and in a paper read by Mr. 
Jay M. Whitam before this Society at its St. Louis meeting, he 
gives the power necessary to operate a fan applied to a battery 
of boilers developing 410.5 horse-power as 3.21 horse-power. 
Taking the case where blast is produced by means of a steam 
jet, I would cite a test made by Mr. John R. Wagner, a member 
of this Society, where eighteen plain cylinder boilers, set in 
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nests of three, each nest having a grate surface of 54 square 
feet, or a total grate surface of 324 square feet; at the rear of 
these boilers was a Climax boiler, using only the waste heat 
from the cylinder boilers. The combined capacity of the 
cylinder and Climax boilers was 520 horse-power; the amount 
of rice coal burned per grate, 54 square feet, was 429.5 pounds 
per hour, the economic evaporation was 5.9 pounds of water per 
pound of coal under actual conditions, 7.08 pounds of water per 
pound of coal from and at 212 degrees Fahr., and 10.85 pounds 
of water per pound of combustible from and at 212 degrees 
Fahr. 

The blast was produced by two steam jets for each of the six 
furnaces, and the total amount of steam used for the blast was 
8.78 per cent. of that generated. A Sturtevant fan was after- 
wards applied to this plant, and while the rate of combustion was 
increased about 50 per cent. the power used was not measured, as 
it was evidently so far inside the limits guaranteed it was un- 
necessary. An estimate approximately made on the basis of 65 
pounds boiler pressure, 100 revolutions per minute of a plain 
slide valve engine, 9-inch by 12-inch cylinder, and the throttle 
open only } ofa turn, could have developed not more than 5 or 6 
horse-power. These facts would seem to demonstrate that the 
average power required to operate a fan should not exceed about 
1 per cent. of that developed by the boilers, while the power 
required to create a blast by the steam jet will be 8 per cent., 
and sometimes more, and when results like those given in this 
paper before us, where the relative percentages of the horse- 
power developed are given as 7.4 to 4, or a saving of about 50 per 
cent. by the use of a fan, they do not indicate the true relation be- 
tween the fan and steam jet, which average experience shows 
should be about 8 to 1 in favor of the fan. 

There is another incidental saving in the use of the fan blast 
over the steam jet, in the less amount of ash to be disposed of, 
and one superintendent of a coal mine told me that by substi- 
tuting a fan blower for the steam jets, upon a battery of 24 
cylinder boilers, he was enabled to dispense with the labor of 
one man for hauling away the ashes, which reduced the expense 
of operating the plant of about three hundred dollars ($300) per 
year, besides obtaining a better economy in the consumption of 
coal. I have noted a practice among the collieries of introdue- 
ing the exhaust steam from the fan engine into the main air pipe 
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with apparently good results as a means of cooling the grates 
and to prevent clinkering. 

Mr. Allison._Our friend here speaks of putting in modern 
pumps and so forth. IT would just remark that that would not 
diminish the quantity of water which would have to be pumped, 
or the difficulty attending the pumping of mine water containing 
acids, and the cost of fuel at the mines is about the lowest notch 
you can get it to. The fuel at the mines costs the minimum 
price, and no modern pumping machinery which could be put in 
the Lykens Valley Collieries would change the conditions. It 
would still remain true, that if they could sell the water instead 
of the coal they would make money. 

Mr. Wheeler.—Less steam means fewer boilers and less labor 
for attendance. That is an item. 

Mr. Ashworth.—1 will say this also in connection with what 
my friend, Mr. Wheeler, has said: Wherever there is waste 
connected with any operation, while it may be an infinitesimal 
factor immediately at that point, it becomes contagious through 
all departments, and you cannot train any of the auxiliary 
branches to economy if a palpable waste is going on in the prin- 
cipal departments. 

Mr. H. N. Suplee.—As regards this matter of putting in eco- 
nomical machinery when the fuel is very inexpensive, I think it 
must be remembered that fuel is not the only item, as Mr. 
Wheeler has just stated. I know from my own experience that 
in a large saw mill, where the fuel was a waste article—saw dust 
—“ offal” as they called it—it paid decidedly to put in econom- 
ical engines and boilers and install an economical plant simply 
on account of the increased saving in handling and general 
maintenance. I think this might be a similar ease. 

Mr. Llenry Meyer, Table 9 the author gives the 
condensation in steam lines, basing the deductions upon a con- 
densation of .012 of a pound of steam for 24 hours per square 
foot per degree difference in temperature. TI find on the bottom 
of page 65 that that rate of condensation approximates very 
closely to the results obtained by Professor Norton, which were 
reported at the Niagara Falls convention. That is a difference 
of about 20 per cent. between the results of Professor Norton’s 
experiments and those of Mr. Brill, reported at Detroit. I 
think it was Professor Carpenter who raised the question as to 
whether the heat transferred from oil through the pipe and 
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covering, the conditions of the Norton tests, was the same that 
it was if steam was in the pipe, as in the tests of Mr. Brill. I 
would like to know whether there are any data as to which is 
the most reliable figure to use. 

Mr. Norris.*—In replying to the discussion on the paper, it 
seems proper to first remind you of its original purpose, which 
was to state as accurately as circumstances permitted the actual 
condition of the steam plants at these two collieries. We are 
well aware that the plants are extremely antiquated, and very far 
from economical, as are those at practically all collieries in the 
anthracite region. Mr. Allison’s statements of the enormous 
amount of water pumped apply only to the Lykens Valley Col- 
liery; the pumping plant at Summit Branch is still larger and in 
much worse condition. (See pp. 72 and 75 and Tables 5 and 6.) 

It would undoubtedly pay, as Mr. Ashworth suggests, to tear 
all the machinery out, root and branch, but such a radical course 
would involve an expenditure of such proportions that it would 
not be considered for a moment by the directors of any anthra- 
cite mining company in the present condition of the business, 
so all that is left us is to try and do better with what we have. 
His criticism of the entire work seems hardly justified by the 
results obtained. While there are some assumptions, clearly 
stated as such in the paper, a very great effort was made to ob- 
tain accurate data throughout, under enormous difficulties, as 
the inside of a mine is not a favorable place for conducting 
scientifically accurate experiments. The comparatively small 
amount of steam unaccounted for in the large Lykens Valley 
plant (Table 11) seems to indicate that the work was done with 
at least reasonable accuracy, considering the conditions, and the 
practical result has been a very large saving in steam. There 
ean be but little doubt that we have underestimated the cylinder 
condensation in the pumps, but not by any means to such an ex- 
tent as Mr. Wheeler seems to think; even if all the unaccounted 
for steam (including all leakage, waste from cylinder cocks, 
straps, ete.) were to have been used by the Lykens Valley 
pumps, their steam consumption would have been but 72 
pounds. The comparison of these large single mine pumps run- 
ning at very high plunger speeds with duplex boiler feed pumps 
is manifestly unfair; they are more nearly comparable with long- 
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i 


TLE GENERATION AND UTILIZATION OF STEAM, 


stroke slow-speed engines; the clearance is actually very small 
in percentage, ana they all make practically full stroke. I 
know of no published experiments on the actual cylinder con- 
densation of pumps of this size and type, and being unable to 
make any, was obliged to use the only available figures from en- 
gine practice. 

The comparison of fan and steam jet draught was taken, as 
stated, from the (ollvery The only probable ex- 
planation of the discrepancies in quantities pointed out by Mr. 
Snell is in the character of the coa!, which clinkers badly, re- 
quiring a large percentage of moisture in the air to keep the 
fires open with forced draught, and while the exhaust from the 
engine was suflicient to permit handling of the fires, they were 
probably much less open than with the steam-jet blast. The 
fan was, as stated, not at all an eeonomieal one, and there is no 
doubt that a ratio of 7 or 8 to 1 between the economy of the 
steam jet and fan blast can be readily attained. 

Mr. Avent.—Did you ever try injecting a little spray of water 
into the air to cool the ashes? 

Mr. ah orris. — Yes. 

Mr. Kent.—Isu't that good ? 

Mr. Norris,—Yes, we do that; but we usually ean tind enough 
exhaust steam to do the work, and it seems to last better than 
water. 

Mr. Wheeler, —Vf you would allow me one minute, I would like 
to say to Mr. Norris that I did not wish to infer that the cylinder 
condensation was as high as 50 per cent. But I do wish to say 
this: that we find in direct-acting pumps it usually runs very 
high and is even more than 50 per cent. under certain condi- 
tions. Furthermore, he explained that most of his pumps were 
single, which I did not know, and of course there this item of 
cylinder condensation is less. When I referred to the feed 
pumps of the cruiser Minneapolis taking about 90 pounds weight 
of steam, they were running at a fair rate of speed, feeding the 
main boilers. A duplex pump of the same size, working on the 
donkey boilers and running therefore very slowly, took nearly 
200 pounds weight of steam. If that increase is not cylinder 
condensation | would like to know what it is, taking for granted 
that*the strokes were the same in each case and therefore the 
clearance line— this was per indicated horse-power per hour. 
I refer you to Chief Engineer W. W. White’s paper, published 
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about a year ago, read before the Society of Naval Architects 
and Engineers, entitled: “ Steam Consumption of the Main and 
Auxiliary Machinery of the U.S. Cruiser Minneapolis.” 

Mr. Norris.—Our mine pumps were running at a very high 
speed, at which pumps, especially single-acting ones, are apt to 
make nearly full stroke, and owing to the very long average stroke 
(nearly 6 feet) the clearance is exceedingly small. We found the 
consumption of steam in our boiler feed pumps enormous at 
times, much exceeding that in the mine pumps. 

Mr. Wheeler considered that a very favorable showing for 
those pumps, even allowing the moderate clearance loss. 

Mr. Norris.—As regards the condensation losses referred to 
by Mr. Meyer, it will be noted that we made two tests (page 65), 
the results of which agreed almost exactly with those obtained 
by Mr. Brill; these two, however, were made on pipe with cover- 
ing better than our average condition, and for our average 
covering the figure 0.012 pound condensation in 24 hours 
per square foot for 1 degree Fahr. difference in temperature 
(the figure obtained by Mr. Norton) was considered safer. Our 
coverings are principally asbestos. 

Mr. Ashworth’s remarks as to the contagion of waste in any 
department hardly apply to the steam plant of anthracite col- 
lieries. The waste, while very large, is not palpable to the ordi- 
nary miner or laborer, and it does not seem just to cast such a 
broad aspersion upon the management of anthracite mining, 
which, except in this one particular, is almost universally nota- 
bly efficient and economical, especially as the coal used for 
steam purposes was, up to a few years ago, practically a waste 


product, and the steam plants, as they are now, have developed 
under that condition. 
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DCCXCV.* 


IMPROVEMENTS IN STEAM BOILERS, AND THE BRICK 
SETTINGS OF SAME. 


BY WILLIAM BARNET LE VAN, PHILADELPHIA, PA 


(Member of the Society.) 


Tuts boiler herewith presented is of the horizontal-flue class ; 
and its object is to afford, in connection with structural strength 
and simplicity, effective and desirable means for the generation 
of high-pressure steam, which in operation shall present the 
advantages of freedom from foaming, quick steaming capacity 
and production of superheated steam, ample releasing surface 
and steam room, thorough utilization of heat and combustion of 
the gases evolved from the fuel, and facility of removal of seale 
or deposit of solid matter. 

The writer, after an experience of over forty years, is satisfied 
that it is the best form of boiler which ean be erected, consid- 
ering all conditions. At the present time the desire of most 
boiler-makers is to secure accuracy and solidity of workmanship, 
which will defy for a long period the continual strain due to the 
high steam pressures now carried to produce economy in fuel. 

The improved horizontal boiler is shown in Fig. 22 in longitu- 
dinal vertical section upon the line dd of Fig. 23, and is so ar- 
ranged that the conduc*ing power of the metal removes the heat 
from its inner surface by the perfect circulation of the contained 
water due to the slight incline of the main shell from front to 
rear, so as to put the largest body of water at the back end, 
which is located in the hottest part of the furnace when fired 
with a flaming fuel; the flues being so arranged with a large 
water space on the bottom, and ample waterways on each side 
between flues and shell, as not to impede the fall of water to 
the bottom of the boiler. 

It is well known that water, on account of its capacity for 


* Presented at the New York meeting (November, 188) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the Zransactions, 
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culation of the water and unobstructed access to the plates are 
the advantages attained in this boiler. 

It is a well-known fact that steam cannot ordinarily be super- 
heated when in contact with the water from which it is gen- 
erated. I therefore have isolated the steam from the water by 
making the steam drum of large dimensions and connecting it to 
the main shell of the boiler by a single neck located at the front 
end of the boiler and taking the steam from the rear end of the 
superheating steam drum, thus allowing time for the surround- 
ing highly heated gases to evaporate any entrained water or 
foam in the steam drum before leaving the boiler. 

Fig. 23 shows the duplex fire front with cleaning door to steam 
drum, and flue doors, fire and ash-pit doors, feed and blow-off 
pipes, water columns, and cold-air registers for supplying hot 
air into the ash pit when ash-pit doors are closed. 

Fig. 24 shows a horizontal half-section through the line ec of 
Fig. 22. Fig. 25 is a similar section through the line // of same 
figure, showing plan of foundation of the boiler setting. Figs. 26, 
27, and 28 are vertical half-sections upon the lines aa, 4h, and ce 
of Fig. 22, respectively. Fig. 29 is a half rear view of the back 
of boiler setting. 

The improved boiler is a cylindrical shell composed of a series 
of rims or plates, 31, 32, and 33, which are riveted one to an- 
other in telescopic form successively, and continuously increas- 
ing in diameter from the front head 34 to the back head 35. 
The usual flues extend from the front to the back end, in the 
usual manner, and are preferably so arranged as to leave suffi- 
cient clear space at the bottom of the boiler for a man to enter 
underneath the flues, and also leaving space between the fire 
flues and the shell of the boiler along the sides of the latter, so 
as to allow a free circulation of water along the hottest portion 
of the boiler shell from the top to the bottom of the same. 

A cylindrical superheating steam drum, 37, 35, 39, is con- 
nected to the main shell of the boiler At a point adjacent to its 
front end by a single neck, 40, so that the drum shall, when the 
boiler is in working position, be horizontal, or substantially so, 
while the main shell of the boiler rakes downwardly towards its 
rear and larger end, 35. The superheating steam drum is con- 
structed telescopically in a manner analogous to the main shell, 
its rear rim, 39, being the largest in diameter. The steam out- 
lets, 14 and 41, are connected to this steam drum, the safety 
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valve’s outlet, 14, being extended on the inside of the drum rear- 
wardly as far back as the rim, 59, in order to secure absolutely 
dry superheated steam. 

The transverse joints of shells are single riveted, longitudinal 
seams triple riveted butt joints, with inside and outside cover- 
ing strips. All the longitudinal joints are placed above the 


Fic. 23. 


water line. Heads are well stayed with angle iron and braced 
by 1{-inch rods one to the other, thus releasing transverse joints 
from longitudinal strain. The braces are fitted with “ pipe 
swivels ” or turnbuckle, with serew ends eut right and left handed 
so as to equalize the strain on the heads The flues are well 
expanded into and beaded over end plates, and so arranged that 
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there is a clear space vertically of 3 inches between shell and 
: flues, to allow a free circulation of the water. 
The neck connecting the superheating steam drum to the 
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main shell shonld be at least 16 inches internal diameter. To 
reenforee the above, due to the large opening for the neck, the 


openings are cut small in the former and latter, and are each eo 
flanged outwardly to fit the neck and riveted to the same, 
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thereby reducing the weakening of the shells caused by the 
removal of metal. 

All the rivet holes are punched 3, of an inch less in diameter 
than the rivet; and when all the plates are brought well to- 
gether in place by temporary bolts, the holes are reamed fair to 
receive the rivets and countersunk slightly so as to form a fillet 
to rivet head, the countersinking being done by a steel pin, so 
that there is no reduction in value of the plates—as would be 
the case if cut away by a reamer. 

Manholes, 11 x 15 inches, oval or an ellipsis in form, are 
placed in the front heads. 

All the shell plates are best mi// sted, and do not exceed 
60,000 pounds per square inch tensile strength, with an elonga- 
tion of 30 to 50 per cent. in specimens 1 inch wide and 2 inches 
long, and a reduction of area 35 to 60 per cent. All plates are 
also subject to the temper tes/, which consists of heating a strip of 
plate, say 2 inches wide and 15 inches long, to a bright red and 
plunging it into water of about 80 degrees temperature and 
then bending it cold. The range and suddenness of the change 
of temperature in cooling, and the degree of consequent bend- 
ing of the plate, will serve to indicate its quality with respect to 
ductility and soundness. 

As before stated, all horizontal seams are double welt butt 
joints, triple riveted. Thus the shearing of the rivets must oc- 
cur in three places; and on this account their resistance is very 
nearly twice as great as in other joints. This joint is free from 
the distortion, on account of the oblique action of the stress on 
the rivets, to which the lap joints and single welt butt joints 
are subject. These butt joints distribute the strain at the joint 
uniformly over the whole section of the metal, whereas with 
an ordinary lap joint the strain is concentrated at the edges of 
the overlapping plates. All transverse joints are shrunken to- 
gether, and the rivet holes reamed to rivet size and slightly 
countersunk, 


Improper Boiler Settings Augment the Production of Nmoke., 


The real cause of the formation of smoke from our power 


plants is due to the absence of the proper supply of air for the 
combustion of the gas (the only combustible that it contains) 
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at the time when, from its high temperature of incandescence, = 
it is best fitted to receive it. Ee 


Up to the present time boiler engineers have not given due 
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consideration to the providing for the admission of this supply 
of air to the furnace at the proper time and in the proper quan- 
tity, it being considered of secondary importance, and in a 
majority of cases is wholly neglected. 

C. Wye Williams says the idea is palpably erroneous that 
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smoke once formed can be consumed in the furnace in which it 
is generated. The formation of smoke, in fact, arises out of the 
failure of some of the processes preparatory to combustion, or 
the absence of some one of the conditions which are essential 
to that consummation from which light and heat are obtained. 
To expect, then, that smoke, which is the very result of a de- 
ficient supply of heat or air, or both, ean be consumed in the 
furnace in which such deficient supply has occurred, is a mani- 
fest absurdity, seeing that if such heat and air had been sup- 
plied this smoke would not have existed. Smoke is the uncon- 
sumed portion of black carbon ; insignificant though it may be 
in weight or volume, this carbon of the gas is the sole black- 
coloring element of smoke. Flame is not the combustion of the 
gas. Flame itself has to undergo a further process of combus- 
tion, being but a mass of carbon atoms still unconsumed, though 
at the temperature of incandescence and high luminosity. Flame 
is, then, but one of the stages of the process of combustion. 
Its existence marks the moment, as regards each atom of its 
separation from and the combustion of its accompanying hydro- 
gen, by which so intense a heat is produced as instantaneously 
to raise the solid carbon atom, then in contact, to that high 
temperature ; thus preparing it the more rapidly to combine 
with oxygen so soon as it shall have obtained contact with the 
air, but not a moment sooner. 

As boilers are commonly erected, instead of admitting the 
air while the carbon in the fire chamber is at its highest tem- 
perature, the custom is first to allow the carbon particles, or 
even force them, to cool down, by contact with the metallic sides 
and flues or tubes, to the state of soot; and then expect, by 
some mechanical apparatus, to restore them to the necessary 
temperature from which they had been so gratuitously reduced. 
In the improved boiler setting, as will be explained further on, 
the air is admitted to the carbon over the fire grate before the 
high temperature of the carbon is reduced by coming in contact 
with the flues. 

The first thing requisite in a proper boiler setting is to pro- 
vide for the admission of the quantity of air chemically required 
for the perfect combustion of a given quantity of coal, of the 
quality commonly used for steam purposes. The amount of air 
to each pound of coal has been determined by experiments to 
be, in round numbers, 150 cubic feet, of which 45 cubic feet are 
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required for the various carburetted hydrogen gases given off, 
and 105 for the solid carbon. The practical utility of this 
knowledge, however, is much impaired by the circumstance that 
combustion ceases even in pure oxygen, and much more so in 
air, before the whole of the oxygen present has entered into the 
new chemical combinations required. It is also known that 
carbonic acid gas exerts a positive influence in checking com- 
bustion, as a candle will not burn in a mixture composed of four 
measures of air and one measure of carbonic acid gas. 

Large quantities of this gas are generated by the combustion 
of the solid carbon on the grate, and are necessarily mechani- 
rally mixed with the inflammable gases as they rise. The quan- 
tity of air required for their subsequent combustion, therefore, 
must be increased to a very large extent. The whole of the air 
thus supplied in excess must be heated to a very high tempera- 
ture before any combustion can take place, and the loss of heat 
thus absorbed must be taken into account in calculating the 
ultimate economy of igniting’these gases. 

In the combustion of the solid portion of coal, as left in an 
incandescent state on the fire grates of a common furnace, after 
the volatile gases have passed oll, the amount of heat generated 
by the whole of the carbon, uniting at onee with its full amount 
of oxygen, will be the same as would be generated by its com- 
bination, first, with a smaller quantity of oxygen, forming car- 
bonic oxide, and, subsequently, by the ignition of this gas, by 
its combination with the farther quantity of oxygen required 
to turn it into carbonic acid gas. 

As some portion of the carbon is always converted into car 
bonic acid gas in the furnace, it follows that the air for the 
ignition of any carbonic oxide there formed and allowed to pass 
into the flues must be greatly in excess of the quantity chemi- 
eally required ; and the whole of this excess must be raised to 
the temperature of the other gases with which it will commingle. 

The superior economy, therefore, of at once converting the 
whole of the carbon into carbonic acid gas is apparent; and 
there is no doubt that this very desirable result may be ob- 
tained nearly to the full extent by due care in the formation and 
subsequent management of the furnace. 

The best mode of supplying air to the other inflammable gases 
resulting from the combustion of the fuel, which are composed 
of hydrogen and earbon, besides that which is passed through 
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the grate-bars of the furnace, has been a matter of much contro- 
versy, and been the subject of many patents, but it has been 
found by a large number of experiments that the proper place 
to introduce it is through the front of the furnace, including the 
fire door, the latter being constructed hollow, with an inside 
lining perforated with a large number of small holes and a reg- 
ister on the outside of the door that can be regulated by the 
fireman to admit the exact quantity required, according to the 
kind of fuel used, by actual observation through the sight or 
“peep holes,” 9 and 9, covered with glass, and situated directly 
over the furnace door. The additional air passed through the 
furnace door is heated by the thin liners. 

As the carburetted hydrogen gases are generated rapidly on 
the application of heat to the coal, and are in themselves much 
lighter than carbonie acid gas, or the nitrogen gas, formed at 
the same time, it is sometimes assumed that they rise nearly 
unmixed to the top of the space over the fire grates. 

Therefore, the boiler should be set from 30 to 40 inches above 
the grate bars, which allows ample room for the air admitted 
through the furnace doors and fire fronts, and the gases to mix 
and combine. To accomplish this thoroughly, the products of 
combustion are partially delayed by a “septum” or division 
wall, 22, Figs. 22 and 27, which separates the fire grate and com- 
bustion chamber, 21, from the back end of the boiler where the 
gases enter the flues, and by the interposition of the septum 
wall the gases of combustion are retained in prolonged contact 
also with the wetted surface of the shell. This division wall 
extends up to and completely around the boiler, causing an up- 
ward and a downward course of the current of hot gases, thus 
insuring a better combustion and positively assuring the thor- 
ough commingling of the fuel gases and the atmospheric oxygen 
by expanding and contracting their volume from one chamber 
to the other, thus compelling them to come in contact with the 
highly heated fire-brick division wall, 22, and forming flame, 
which cannot exist below a temperature of at least 800 degrees 
Fahr. 

By this means greater efficiency is obtained by reason of the 
slight retardaticn in the velocity of the gases of combustion in 
their exit from the combustion chamber. 


The combustion chamber over the grate bars is continued up 
to the water line, leaving a space between the boiler and com- 
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bustion chamber walls of 6 inches, thereby allowing the products 
of combustion to impinge on all the we/// surface before enter- 
ing the flues at its highest temperature, thus securing absorp- 
tion at the greatest heat, while the balance is passed through 
the flues and around the steam drum into the chimney at a 
temperature which renders the use of a separate economizer 
unnecessary. 

Incomplete combustion of fuel in the ordinary boiler setting 
is due to the shallowness of the combustion chamber over the 
fire grates, and want of proper air supply, causing the chilling and 
extinguishing of flame through contact with the surface of the 
boiler before the combustion is completed. This is entirely 
obviated in this improved boiler setting, as can be seen through 
the observation holes in the fire front. 

The injurious effect of leaving too little room /efiween the jire- 
grates and the boiler, thereby refrigerating the flame, may be 
illustrated by a very simple experiment. If a small copper or 
porcelain capsule containing water be held over the flame of a 
gas burner, a little above its apex, the flame will suffer no abate- 
ment of brightness or size, but will continue to keep the water 
briskly boiling. If the capsule be now lowered info the middle of 
the fame, the latter will immediately lose its brightness, becom- 
ing dull and smoky, covering the bottom of the capsule with 
soot, and owing to the imperfect combustion, although the 
water is now surrounded by flame, its ebullition will cease. 

It is a well-known fact that metal flues act as extinguishers of 
flame ; therefore, to produce the best results, it is necessary 
that the combustion of the gases evolved from the fuel be en- 
tirely completed before they reach the flues, and this is accom- 
plished, in conjunction with the “septum” wall, by making a 
duplex fire chamber the depth of the fire grate. 

In my practice I have found a considerable improvement was 
effected by constructing duplex furnaces. It has the important 
advantage of rendering any interference with the supply of air 
annecessary, by giving uniformity to the quantity of gas from 
the bridge wall to the flues; since, by firing the two furnaces 
alternately, the supply of gas is equalized on entering the flues. 

By the use of duplex fire chambers a very important result 
is gained, consisting in the fact that the heat of the gases 
evolved from the fuel in the fire chambers is absorbed by the 
division wall between the two furnaces, and while cleaning the 
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grate bars of one of the chambers from ashes and clinker, ete., 
the steam pressure in the boiler is not sensibly reduced, due to 
the stored heat given out by the highly heated division wall, 
the same being the case in putting on fresh fuel. The furnace 
van also be fired alternately, thus maintaining a regular steam 
pressure in the boiler. 

Some engineers entertain the opinion that a sufficient supply 
of air for the gases may be obtained through the grate bars ; 
and it is obvious that a partial supply, at least, may be ob- 
tained in this manner by a judicious management of the fire 
This may be effected by keeping the fires thin and cpen, and 
feeding the fuel in small quantities at atime. The air which 
passes through is not vitiated further than in being mechani- 
cally mixed with the carbonic acid and nitrogen gases, caused 
by the combustion of the coal on the grate bars. 

The perfect combustion of the whole ingredients of coal being 
entirely dependent, chemically considered, on the supply of the 
quantity of atmospheric air, it is evident that the velocity with 
which the air flows into the fire will materially affect the result. 
According as the velocity is greater or less, so in proportion 
must the quantity of coal that is to be consumed on a given 
area of grate be increased or diminished, and there is no limit 
to the quantity that may be so consumed, beyond the difliculty 
of supplying the air sufiiciently rapidly. The various cireum- 
stances which affect the velocity of the entering air have placed 
this question, as yet, completely beyond the reach of theory, so 
that practical experiments must be taken as the only guide in 
determining what quantity of air can be made to enter into a 
given furnace, and, consequently, what amount of coal can be 
properly consumed in a given time. 

The air, in my improvement, for the supply of the fire is 
not taken whotly through the ash pit doors. These latter are 
kept almost shut—in fact, at times, entirely shut. The air 
supply is delivered into the ash pit, not in a co// stream, but 
hot. A double air flue, 26, Fie. 25, is formed in the outer casing on 
each side of the boiler, as well as around the back end, and also 
under the bridge wall there is formed a hot-air chamber, 42, 
which receives all the hot air which radiates from the inner 
walls. By this arrangement the air entering the inlet registers, 
10, 10, Fig. 23, located in the fire front, passes the whole length 
of the side walls, and is delivered into the hot-air chamber, 
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under the bridge wall, and from there it is delivered under the 
vrate bars at a high temperature, having, in passing amongst the 
hot bricks, become considerably increased in volume, due to its 
absorption of heat, so that it becomes an actual hot blast 
through the bed of coals, resulting in a very perfect combustion 
of the fuel. 

The advantage of considerable amount of space in the furnace 
over the fire grates has been already mentioned, but no very 
decisive experiments have been made on this subject. Three 
cubic feet of space to each superficial foot of grate bar surtace 
may be stated as a good proportion where there is nothing to 
prevent this amount being obtained. When the space is reduced 
below one foot and a half of grate it will be found to be at- 
tended with a marked disadvantage. 

The area of the flue, and subsequently of the chimney, through 
which the products of combustion must pass off, must be regu- 
lated by the bulk and the velocity of the latter. The quantity 
of air chemically required for combustion of 1 pound of coal 
has been shown, as stated, to be in round numbers 150 cubic 
feet, of which 45 enter into combustion with the gases, and 105 
with the solid portion of the coal. From the chemical changes 
which take place in the combination of the hydrogen with 
oxygen the bulk of the products is found to be, to the bulk of 
the atmospheric air required to furnish the oxygen, as 10 to 
11. The amount is, therefore, about 49 in round numbers. 
This is without taking into account the augmentation of the 
bulk, due to increase of the temperature. 

In the combination which takes place between the carbon and 
the oxygen the resultant gases (carbonic acid gas and nitrogen 
gas) are of exactly the same bulk as the amount of air, that is, 
105 cubic feet, exclusive, as before, of the augmentation of bulk 
from the increase of temperature. The total amount of the 
products of combustion in a cool state would therefore be : 


49 + 105 = 154 eubic feet. 


The general average temperature of a boiler furnace has not 
been very satisfactorily ascertained, but it may be assumed at 
about 1,200 degrees Fahr., and at this temperature the products 
of combustion would be increased, according to the laws of 
expansion of aeriform bodies, to about three times their original 
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bulk. The bulk, therefore. of the products of combustion, 
which must pass of, must be as follows : 


154 x 3 = 462 eubic feet. 


At a velocity of 40 feet per second, the area, to allow this 
quantity to pass off in an hour, is 0.52 square inch. In a boiler 
furnace in which 12 pounds of coal are burnt on a square foot 
of grate per hour the area to every square foot of grate would be : 


0.52 x 12 = 6.24 square inches ; 


and the proportion to each foot of grate, if the rate of combus- 
tion be higher or lower than 12 pounds, may be found in the 
same way. This area having been obtained on the supposition 
that no more air is admitted than the quantity chemically re- 
quired, and that the combustion is complete and perfect in the 
furnace, it is evident that this area must be much increased in 
practice where we know these conditions are not fulfilled, but 
that a large surplus quantity of airis always admitted. A limit is 
thus found for the area over the bridge, or the area of the flue 
immediately behind the furnace, below which it must not be 
decreased, or the volume of gas could not pass off, and con- 
sequently the proper quantity of air could not enter and the 
combustion would be proportionally imperfect. It will be found 
advantageous in practice to make the area 2 square inches 
instead of 0.52 square inch. 

The imperfection of the combustion in any furnace, where it 
is less than one and one-half (1.5) square inches, will be rendered 
very apparent by the quantity of carbon which will rise uncon- 
sumed along with the hydrogen gas. This would give 24 square 
inches of area over the bridge wall to every square foot of grate 
in a furnace in which the rate of combustion is 12 pounds of 
coal on each square foot per hour, and so in proportion for any 
other rate. 


Taking this area as the proportion for the products of com- 
bustion immediately on their leaving the furnace, it may be 
gradually reduced as it approaches the chimney on account of 
the reduction in the temperature, and consequently in the bulk 
of the gases. Care must, however, be taken that the flues are 
nowhere so contracted, nor so constructed, as to cause, by sharp 
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bends, or in any other way, any obstruction to the draft, other- 
wise similar bad consequences will ensue. 

The septum, or perforated wall, partially retards the current 
of flame, or hot gases, by reason of such gases impinging against 
such septum, the result being that the stratum of gases in 
immediate contact with the wall is first retarded in the speed of 
its flow, and this results in a measurable retardation of the 
entire stream, with the final result that an intermingling of all 
the gases is effected, and part of the heat of all parts of the 
stream is imparted to the septum until the latter becomes 
incandescent, after which its heat aids in effecting the perfect 
combustion of the gases. 

Another very prevalent practice, and which also would seem 
to be open to serious objections, is that the flues formed of brick- 
work are frequently made of much greater area in one part than 
in another. The effect of this is evidently to cause a very slow 
and languid current in the larger part of the flue. 

The proper amount of surface that ought to be given in a flue 
to carry off the heat, or to cool down a given quantity of heated 
gases, has not yet been investigated with any degree of accuracy, 
and practice varies widely under different circumstances. At 
the present writing the usual amount of heating surface is 30 
square feet to 1 of grate. 

The time occupied by the gases in passing through the boiler 
from the instant of their generation to that of their leaving the 
boiler, and the length of the course through which they have 
travelled, have sometimes been looked upon as matters of great 
importance. Where the gases are travelling in one compact 
mass it is evident that distance, and consequently time (as the 
velocity with which the current flows is the same in all cases), 
must be allowed for the different particles of this large mass 
so to circulate among themselves as that each may have an 
opportunity of coming into contact with a cooling medium, to 
give off its heat; but if the large mass of gases is so subdivided 
that the different particles are sooner brought into contact with 
the due amount of cooling medium, then the time the gases 
remain in contact with the boiler ceases to be of importance. 
When the gases have reached the end of a well-proportioned 
boiler and brick setting they should be reduced to a temperature 
not exceeding 450 degrees Fahr., or below it; their bulk will in 
consequence be reduced by about one-third below their bulk on 
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their first leaving the furnace. The reduction in the area of the 
flue ought not to be in the same proportion, because their 
velocity is no longer so great. The reduction ought to be made 
gradually, as has been stated before, and not by a sudden con- 
traction at the end of the boiler, as the effect of this is to cause 
a slowness of draft in the latter part of the flue. 

The feed water is supplied to the boiler through the blow-off 
pipe, which is of ample dimensions, it being encased in the 
side wall of the boiler from the back end of the boiler to the 
front end, and thus absorbs heat, forming a heated passage for 
incoming feed water, the result being that the water is delivered 
to the boiler at nearly the boiling temperature, and also, by rea- 
son of such arrangement, the blow-off pipe is kept free from 
sediment, which otherwise would tend to clog it. 

The boiler proper is held in position by a cradle formed of 
fire brick. The front end is supported by recesses, 3, 3, Figs. 
24, 25, and 27, which form a pier, 18, and the division wall, 30, 
which separates the fire chambers ; the rear end is supported 
by the septum wall, 22, being thus independent of the inner 
walls, 27, 27, with which it does not come in contact. By this 
arrangement cast-iron brackets or lugs, such as are usually at- 
tached to the main shell of horizontal boilers for the purpose 
of supporting them in place, are dispensed with. 

The fire chambers, 19, above the grate bars, 44, are dual, being 
separated longitudinally by the vertical wall, 30, which wall 
ends at or beyond the bridge wall, as may be deemed advisable. 

For the accumulation of heated air and products of com- 
bustion, which might otherwise leak out and escape, I provide 
the lateral chambers, 48, on each side of the superheating drum 
chamber, +6, and extending the entire length of the boiler and 
communicating with the air-space, 26, and they can be supplied, 
if so desired, with a surplus of air from the registers, 10, 10, 
and inlet-space, 4°). 

In the rear exterior wall of the setting I build a cleaning 
door, 50, to give access to the back connection chambers and 
flues for cleaning or repairing purposes. 

In the operation of this boiler and settings the heated gases 
evolved from the fuel are applied to the entire exterior of the 
wetted surface of the boiler by reason of the upward extension 


of the fire chambers, 19, whence they pass into the similarly up- 
wardly extended supplemental mingling combustion chamber, 
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21, to or about the water level. The division or septum wall, 22, 
deflects the gases to the lower portion of the chamber, 21, and 
retards their flow. Said septum wall becoming highly heated, 
in fact incandescent, correspondingly promotes combustion of 
the highly heated gases ; in other words, it acts as a regenerator 
to promote combustion of the unecombined gases on their way to 
the rear of the boiler. The gases evolved from the fuel are 
thus effectually mingled with the proper supply of heated oxy- 
gen conducted through the registers, 10, 10, air passages, 26, 17, 
and 43, into the ash pit, 16, and that introduced through the 
registers located in the fire doors. 4, 4, and the gases are 
consumed before reaching the back connection chamber, 24, 
the resulting products being delivered, consequently, into said 
chamber ina very highly heated state, due to the retardation by 
and contact with the incandescent septum wall, 22, causing a 
thorough mixture of the air introduced through the registers, 10, 
10, and the earbonie oxide (CO), under which conditions a see- 
ond combustion takes place, the carbonic oxide taking an addi- 
tional part of oxygen, forming carbonic acid ‘CO,) with great 
evolution of heat, as hereinbefore mentioned. The superheated 
produets of this second combustion then pass into the flues of 
the boiler, 36, 36, 36, ete., at the rear end, 35, of the main 
shell and through the same to the front flue chamber, 45, 
thence to superheating drum chamber, 46, and fine, 47, leading 
to chimney. 

A very important advantage of this setting consists in the fact 
that the gases evolved from the fuel in the fire chambers, 19, are 
maintained in temperature by the enclosed highly heated walls 
even during clearing the fire from ashes, clinker, ete. Thus, 
steam pressure in the boiler is not sensibly reduced during such 
cleansing operation. 

The claim for internally fired boilers that there is no loss of 
heat by radiation is not borne out in practice, and they labor 
under the disadvantage of boing restricted in their fire box, and 
are unable to burn to an advantage the cheaper grades of fuel 
which require large combustion chambers. The metal walls of 
the majority of internally firéd boilers refrigerate the flame, 
thereby lowering the calorific value of the fuel used. 

The advantages of this boiler and setting are shown in an 
evaporative test on two 54-inch by 17-feet horizontal-flue 
boilers into single furnace, made by George H. Barrus, Septem- 
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ber 29 to October 6, 1888, the object of which was to determine 
the general economy of the boilers and the relative performance 
of different kinds of fuel, conducted at the Keystone Watch Case 
Company, Philadelphia, Pa. 


TABLE NO. 1. 


DIMENSIONS OF LE VAN’s IIORIZONTAL-FLUE BotLERS: AGE, Stx WEEKS: 
Honrsk-POWER, ON A BASIS OF 12 SQuARE FEET, SEVENTY-EIGHT EaAcu. 


No Description. 

2. Diameter of main shell, each, in inches.....................000- 54. 

3. Length of main shell and flues in feet..............ccccccccececs a? 

5. Diameter of drums, each, in inches 3. 

6. Number of four-inch flues, outside diameter in each boiler. ..... 45. 

7. Pitch or rake of main shell, each, in inches................0000. 6. 


11. Area of perforations through fire door in square inches........... 4.7 
12. Distance of grate to shell, front end, in 3. 


13. Distance of top of flat bridve to shell, each, in feet............... F 
14. Kind of brick setting : Le Van’s, with air passages in walls leading 

to ash pit 
15. Number and diameter of steam nozzles, each 2.................6. 4. 


16. Distance from bottom of glass to top of lower shell, in each boiler, 


17. Area of grate surface, each, in square feet................... rae 
18. Area of water-heating surface, each, in square feet.............. 934. 
19. Area of steam-heating surface, each, in square feet.............. 107. 
20. Total area of heating surface, each, in square feet............... 1.041 
21. Area through flues, cach, in square feet... 3.4 
22. Area through damper, each, in square 2. 
23. Height of iron stack, 72 inches in diameter, lined with four-inch 

24. Ratio of water-heating surface to grate surface..........0....... 29.2 to 1 
25. Ratio of steam-heating surface to grate surface.........0........ 3.3 to | 
26. Total ratio of heating surface to grate surface.................-. 32.5 tol 

COLLECTIVE QUANTITIES. 

28. Ratio of surface of grave, two boilers, in square feet ......... ‘ 64. 
29. Ratio of water-heating surface, two boilers, in square feet....... 1.868 
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Review or Resvrts. 
ral Kvonomy of the Boil TR. 


“The degree of economy attained by the boilers is indicated 
by the evaporations per pound of combustible from and at 212 
degrees, given in line 23 of Table No, 2. 

*T consider that any result exceeding eleven pounds is excellent 
when obtained with anthracite coal, more especially when it 
apples to the small sizes of coal such as were used on most of 
these tests. The highest result which I have obtained with 
anthracite coal is about eleven and one-half pounds, but this 
oceurred with the broken size, which is usually free from slate 
and clinker-producing qualities. T have not heretofore secured 
so high as eleven pounds with small anthracite coals, but Iam not 
sure that the coals used were of so good a quality as the ones to 
which these tests relate. The results obtained here are specially 
good, particularly those of October 3d and 6th, considering that 
the temperature of the eseaping gases is some fifty degrees 
higher than usually accompanies the most economical work. 
The new condition of the boilers, and (heir setting, doubtless con- 
tributed something to these excellent results. 

“The quality of the steam furnished was tested by means of 
a ‘wire-drawing’ calorimeter, attached to outlet 41, and the 
result was a continuous showing of dry steam. The indications 
of the thermometer varied from 288 degrees to 297.5 degrees, 
with a normal reading of 288 degrees at 85 pounds pressure, a 
continuous showing of dry steam. And at times there was an 
indieation of three to four degrees of superheating.” 


DISCUSSION. 


Mr. William IH. Bryan. do not doubt that the boiler and 
setting described will give excellent results under favorable 
conditions. There are two points, however, which should not 
be overlooked : 

First, the division wall in furnaces, and the “septum” wall at 
the rear end of boiler, will unquestionably reduce the capacity of 
the boiler for overwork, a consideration which cannot always 


be subordinated to high fuel economy and smokelessness, how- 
ever desirable these features may be. 
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Second, the increased amount of fire brick work will do excel- 
lent service after it has once been thoroughly heated. To do 
this will require a considerable interval of time and a noticeable 
amount of heat. Where the boilers are in continuous service— 
as in water works, flour mills. ete.—this will not be objection- 
able, but where they are operated intermittently—say during the 
day only —there will be a loss of efficiency while the brickwork 
is being heated, and considerable heat will go to waste when it 
is cooling off after shutting down in the evening. In practice 
this has been found a serious objection to the use of increased 
fire-brick work. 

I do not quite understand the author’s statement that by pass- 
ing the gases around his steam drum they are reduced to such 
a temperature as to render the use of a separate economizer un- 
necessary. In the evaporative trials reported in the paper the 
temperature of the escaping gases varied between 388 degrees 
and 450 degrees Fahr., averaging 423 degrees, which is proba- 
bly as low as it is advisable to bring these gases with ordinary 
working steam pressures. It would certainly be possible—and 
often advisable —to reduce further the temperature of these 
gases LOO to 200 degrees by an economizer, with a correspond- 
ing increase in efficiency. Such a practice would be particu- 
larly desirable with condensing engines, where the feed water 
is only about 100 degrees Fahr. 

It would be interesting to know the temperature of the hot air 
supplied under the grates, also whether there is really any 
ulvantage in its use. If its temperature resulted wholly—or in 
large part-—from waste heat, the economy would not be ques- 
tioned, as it must be when most of the heat comes directly from 
the furnace itself. Have any evaporative trials been made cov- 
ering this point ? 

Mr. A. Il. Eldiedye.—Some years ago the writer was inter- 
ested in a 62-inch x 16-feet boiler setting which, in some respects, 
was designed along the same lines as the one described by Mr. 
Le Van. The object sought for, as in his case, was the perfect 
burning of the fuel and its combustible gases 

It was a very ambitious setting, and had double walis with an 
8-inch air space between them running the whole length and 
around the rear end of the boiler. The air under the grates 
was taken from openings through the front on each side of 
the boiler, and passed between the hollow walls next to the 
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fire box and then under the grates in a heated condition. 
The air used for the combustion of the gases entered the com- 
bustion chamber in the rear of the bridge wall through an air 
shaft, or tunnel, extending to the back end of the boiler and 
having openings from the tunnel to the combustion chamber 
through its entire length. The air was taken from the top of 
the boiler setting and travelled the length of the boiler three 
times before entering the air tunnel. The tunnel was_ built of 
fire brick, and was arched over on one side through an angle of 
90 degrees. One object of the setting was to complete the com- 
bustion of the gases in the combustion chamber by adding 
heated air to the combustion chamber, rather than adding more 
air to the fire box, where the temperature is naturally very high, 
and, further, to take that air from the top of the boiler room, 
thus taking the first supply at a comparatively high tempera- 
ture and also keeping a better and cooler atmosphere in the 
boiler room. 

To utilize fully the products of combustion, they first passed 
under the shell of the boiler, then back as usual through the 
tubes, and then returned over the top of the boiler through a 
24-inch chamber to the stack at the rear end of the boiler. 

Tt might be well to note that one side of the boiler wall was 
built against a 17-inch building wall, also that there were 
peep holes through which the combustion of the gases could be 
observed through the length of the boiler. The draft plates in 
front of and on top of the boiler could be easily regulated at 
will. For the first three months after the boiler was in use the 
whole scheme which had been planned seemed to work to per- 
fection. The products of combustion burned to a white heat 
underneath the whole boiler length; but, after that, trouble 
commenced, though no expense had been spared in either ma- 
terial or workmanship. The expansion and contraction of the 

alls soon caused the bricks in the arch of the air tunnels to 

work themselves down into the tunnel, until finally holes ap- 
peared which were not in the design of the setting. The side 
walls began to leak, and it was not long before the fireman 
was running the ash-pit doors wide open. The boiler was 
supported on iron columns entirely independent of the mason 
work. 


In looking over Mr. Le Van’s setting the writer naturally 
asks: Will not the bricks in arch 22, Fig. 28, gradually wedge 
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down and out of the arch? Again, the division wall, 50, is sub- 
jected to temperatures of 1,200 degrees or over. Should both 
these walls become weak, what is to prevent the boiler settling 
badly, possibly causing a serious accident? Again, it will be 
necessary also to support the boiler in some more or less diffi- 
cult manner in case of repairs. Is not such a setting too ex- 
pensive for common use? and would it not take a lock and key 
on the ash-pit doors to make the ordinary fireman use the 
proper drafts ? 

Now comes the question which has bothered the writer. One 
engineer supports a boiler on brickwork, and another, to avoid 
temperature effects, on a complicated system of levers. Which 
is right, or which, at least, is safe? Is there not some safe 
standard method that could be recommended to the public 
which can at least be applied to the old reliable fire-tube 
boiler ? 

Mr. Arthur C. Walworth.—This paper was of interest to me 
because I have had considerable to do with the construction 
and setting of horizontal tubular boilers, which have been of a 
very acceptable type in Boston, and have been used there a 
great many years, probably to a greater extent than any other 
type of boiler. I think there are some excellent points in this 
paper, but there are many others to which I should take excep- 
tion. The first consideration is, that the expense of this Le Van 
boiler can be reduced without reducing the efficiency. If I were 
to construct a boiler of this horse-power, | would make it six 
inches larger diameter, say 60 inches, and have the steam space 
over the water, dispensing with the superheating drum. In 
Mr. Le Van’s paper he shows a 54-inch boiler with a 16-inch 
neck to it, and a superheating drum over the boiler; the 
water line is carried high, using the drum as a separator. 
But if you take a 60-inch boiler af less cost, and the same 
amount of water surface in the tubes, you can carry the water 
line so far below the top of the boiler, that you do not need 
any superheating drum; and [I doubt if the value of that 
superheater is equal to its cost. Of course where there is a 
series of boilers we have a connecting drum which has a proper 
connection to each boiler, and that acts as a separator in case 
any entrained water may go over to this drum. Of course when 
this boiler of Mr. Le Van’s is sect new, this superheating space 
is quite valuable, because it is perfectly clean. But as matter 
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of practice we find that spaces of that kind are not kept clean, 
and the top of the boiler soon becomes covered with soot 
and ashes, and eventually the whole surface of the superheater, 
unless it is cleaned every day. And it is my opinion that it 
would be much more economical to dispense with all this su- 
perheating arrangement, and take the products of combustion 
directly into a good economizer, reduce them lower than Mr. 
Le Van does in his experiment, and also dispense with this neck, 
which must weaken the shell of the boiler considerably. Of 
course with the old-fashioned dome on the boiler where we per- 
forate the shell, the loss of strength in the shell is made up by 
the flanged rim around the steam dome. While twenty-five or 
thirty years ago wé used to put domes on perhaps 25 per cent. 
of the boilers made, now a steam dome of that kind is an excep- 
tion, because practically we find we get the required results 
with proper piping and connections, the same as with a steam 
dome. Ido not think either that it is a good plan to take the 
feed water in through the blow-off pipe. Of course that would 
be a discussion by itself. The best practice in my mind is the 
simple one of taking the feed water into the steam space through 
a brass pipe, and letting it fall through the steam on to the 
water where it would not strike the shell anywhere. 

Mr. Le Van’s point about leaving a 4 or 5-inch space between 
the tubes and the boiler for the circulation of water, is a very 
essential point, and always ought to be observed, and it is also 
well to leave an extra space in the middle of the tubes for the 
downward circulation, the natural circulation of the water in the 
boiler of course being up from the hot plates on the sides, and 
that water has to be replaced by a current coming somewhere 
else ; and the Boston boiler makers now usually make their 
boilers with a wider space between the central row of tubes, 
giving thus a circulation of water to every part of the boiler. 

The boiler setting is quite interesting. I think there area 
good many new points about this setting, and some of them 
have already been touched upon in the letters—such as the 
large amount of fire brick required and also the introduction of 
air at the bridge wall. I think Mr. Le Van has one good point 
in his boiler setting. He makes the wall next the boiler a 12-inch 
wall, and the outside wall 8 inches. I notice some of the “ Hart- 
ford” boiler settings make the wall carrying the boiler § inches, 
and the outside one 12 inches. There is another question about 
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boiler setting on which boiler setters differ, and that is the 
necessity of binder bars on the outside of the boiler. I claim 
that if the boiler wall is properly set and properly built, with 
an inside 12-inch wall and an outside S8-inch wall, that the 
binder bars are simply superfluous. Those walls will stand just 
as well or better without them, but if the setting is cheap and 
badly built, you have to strap it together with iron bars and rods. 

Relative to taking the air for the combustion under the 
grates through the walls of the boiler into the ash pit, I remem- 
ber that Mr. Frederick Tudor of Boston, about fifteen years ago, 
had a plan of a boiler setting where he took the air in at various 
points from the boiler room, through a side wall and down in 
the air space, and then on the sides, under the grates into the 
ash pit. It did not heat the air very much, but in the ease of 
a single boiler it was of more value than in a nest, because it 
kept both side walls cool and kept the boiler room cool by util- 
izing the heat that would otherwise be wasted. Practically it 
never was adopted to any great extent. The idea is not an 
especially new one. It has been tried at various times, and it is 
a good idea as far as it goes. 

teferring to the hollow bridge wall, which we find discussed 
by Charles Wye Williams many years ago, we are using in 
Boston with considerable success, a device of Mr. Jones for 
introducing the air in that way, in which he brings the air 
in through the bridge wall through a series of brick tubes, or 
fire-clay tubes, in this way, the air being taken in from the ash 
pit, through, we will say, three doors in the front of the bridge 
wall and carried up into these tubes, or burners, entering the 
draft, in that way, on the back side. Of course, being in the 
flaming of the fire box, these tubes are hot, end the ash pit is 
hot, and the air that goes through these tubes issues so suffi- 
ciently heated as not to chill the products of combustion, but to 
immediately assist in combustion and make a proper flame in 
the combustion chamber at the rear of the bridge wall. Of 
course this is only one of many devices for bringing in sufficient 
air through the hollow bridge wall, but I mention it as one that 
has been quite successful. 

There is a city ordinance in Boston requiring some smoke- 
consuming device to be used with all boilers which are used for 
bituminous coal, and this device has proved acceptable. Of 
course it is not an exclusive thing. The same end can be 
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attained in other ways. But I mention this as simply one way 
of accomplishing what Mr. Le Van accomplishes in another and 
much more expensive way in this boiler. 

I would like to ask Mr. Le Van about the suspension of his 
boiler in the setting. I did not get at that exactly from the 
cuts, how he sets the boiler without lugs. 

Mr. Rockwood.—Mr. Le Van is a courageous man, and perhaps 
that is why he endorses the shell and fire-tube boiler in the face 
of the “‘ great progress” that has been made in boiler construc- 
tion in the United States in the last ten years. Iam glad some 
one has come out and said in a frank way that he likes the old 
fire-tube boiler best of all. I want to say that I do too. 

Mr. F. W. Dean. There may be no harm in this paper 
appearing in the Transact/ons of this Society, although I feel 
that it is something of a misfortune. I feel that it should 
receive sufticient discussion to prevent young engineers who con- 
sult papers for instruction from taking it too seriously. 

The paper contains too many things to mention that are 
absurd, but when the author says that it is well known that 
superheated steam cannot exist in contact with water, he should 
be informed that it is better known that he is mistaken. 

Mr, Le Van.*—This boiler is one of the oldest type, and, al- 
though some seem to think it cannot be good on account of its 
antiquity, this fact does not justify some inferences drawn con- 
cerning it. 

My forty years of experience with the old and the new types 
has not weaned me from my first love. Referring to the boiler 
trials at the Centennial Exhibition, you will find that the “Lowe” 
horizontal flue boiler stood at the head of the list. The water 
evaporated by it per pound of combustible at atmospheric pres- 
sure and temperature 212 degrees was 11.923; number of 
degrees superheated 8.885; whereas in the Babcock and Wil- 
cox the water evaporated per pound of combustible at atmos- 
pheric pressure and temperature 212 degrees was 11,822; per- 
centage of moisture in the steam, 3.24. 

At the test of the boilers at the Brush Light Company’s at 
Philadelphia, the horizontal flue boilers developed a horse-power 
with 9 square feet of heating surface, and the Babeock and Wil- 
cox required 15 square feet to develop one horse-power. Now, 
if there is any improvement in modern pipe boilers of the hori- 


* Author’s closure, under the Rules. 
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zontal form over the old horizontal flue boilers, in what does it 
consist? I know a good thing when I see it, and when I find a 
good boiler I stand by it, if it 7s old. 

Referring to the test made at Philadelphia by Mr. Barrus (see 
Table No 2, page 113), I would state that it was made under dis- 
advantages, from the fact that there were only two boilers in place; 
that the chimney was of iron, 125 feet high and 6 feet internal 
diameter, and radiated off a great portion of the heat which re- 
quired fuel to supply. - The chimney has since then been lined 
with brick, reducing its diameter to 3.5 feet, which both reduced 
the coal consumption and increased the draft. 

Mr. Bryan raises the objection to the construction and boiler 
setting under consideration, that the division wall of the furnace 
and the septum wall at the rear will reduce the efficiency of the 
boiler, but actual practice where I have introduced such features 
in the ordinary brick-set boilers proves the contrary. 

Again, he says “there will be a loss of efficiency while the 
brickwork is being heated, and considerable heat will go to waste 
when it is cooling off after shutting down in the evening.” “ In 
practice this has been found a serious objection to the use of 
increased fire-brick work.” This is not the fact. I have a plant 
of seven boilers erected in a cotton mill running eleven hours 
per day, the boiler pressure being 70 pounds per square inch. 
The fires are drawn every night, by seven o’clock, and a fresh 
fire started on a clean grate at four o’clock in the morning, the 
mill starting at six o’elock. The steam pressure during the 
night rarely falls below 60 pounds per square inch. The power 
developed through the engine by indicator diagrams shows 300 
horse-power. The coal consumed averages 1,200 pounds per 
hour. This plant originally had eight boilers of the same heat- 
ing surface set in the usual way and developing the same horse- 
power and consuming 1,400 pounds per hour. It was found after 
a few weeks’ run that six of the boilers would perform the work, 
thus permitting one boiler to be out of service for cleaning. 
The steam is more regular and drier than before. With the old 
boilers the fires were cleaned about noon each day. The present 
boilers are run without cleaning during the eleven hours, 
thereby making less work for the fireman and also reducing the 
loss of fuel in the waste. 

From the above it will be seen that the increased amount of 
fire brick does the same work that formerly required eight of 


| 
x 

3 
= 

ag 

44 
aN 
} 

7 


122 IMPROVEMENTS IN STEAM BOILERS AND THEIR BRICK SETTINGS. 


the old boilers, or, in other words, with thirteen per cent. less 
heating surface and twenty-one per cent. less grate surface, these 
boilers perform the same work, beside effecting a saving of one 
ton of coal per day. Further comment is unnecessary. 

As to the use of a separate economizer, I would siate that it 
is much cheaper and costs less to increase the diameter of the 
boiler six inches as involving less complication and cost of main 
tenance. 

As regards the temperature of the hot air supplied under the 
grates, I am satisfied an advantage is obtained : the test made of 
the waste heat under the bridge wall exhibited in two cases a 
temperature of about 400 degrees. 

Mr. A. Eldridge seems to think that the arch, 22, Fig. 28, will 
gradually wedge down and out of the arch. This cannot occur, 
as under the centre of the boiler is a fire-brick pier, 18 inches 
square, on which the rear end of the boiler rests. The arch, No. 
22,1s independent of this pier, and only carries the weight of the 
septum wall between hanging arch, No. 22, and boiler. The divi- 
sion wall between the fire chambers does not carry the weight 
of the boiler. The front end of the boiler has the bottom rim 
to project about 9 inches beyond the front head, one-half the 
periphery of the boiler to form the front flue (not shown in 
- drawing); the bottom of this flue rests on a brick pier, No. 13, 
Fig. 24, reénforced by the fire front. This brick setting costs 
about $100 over the ordinary setting. And the saving of fuel will 
more than compensate for the additional cost. 

Mr. Walworth’s objection to the diameter of the boiler is all 
right, but when the specifications call for 54-inch diameter shell, 
it does not pay the contractor to put in a 60-inch diameter 
boiler. Mr. Walworth is mistaken when he says that you do not 
need any superheating drum. If he will carefully examine Table 
No. 2, Line 23, the stated evaporation per pound of combustible, 
it will speak for itself. In this test the calorimeter was applied 
to the rear pipe marked No. 41. “The indications of the 
thermometer varied from 2-8 to 297.5 degrees, with a normal 
reading of 288 degrees at 85 pounds pressure. There is con- 
tinual evidence here of superheating, and this might be expected 
from the fact of the steam-heating surface, of which the steam 
issuing from this end of the drum had the benefit.” * 


* Transactions American Society Mechanical Fneineers, vol. xi., p. S00. 
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Can Mr. Walworth produce any such results ? 

He argues that the superheating drum will soon become coy- 
ered with soot, and should be dispensed with and an economizer 
substituted. Will not the economizer also become covered with 
soot? And are not these devices fitted with scrapers, run by 
power, to keep them clean? Which is the simpler and more 
economical, an engine to run the scrapers or the blowing of the 
superheating steam drum by 2 steam jet once a day ? 

In regard to the point made to the effect that the connecting 
neck weakens the shell, had he carefully examined the drawing 
(Fig. 22), he would see that both the neck connecting the super- 
heating steam drum to the main shell of the boiler is reénforced 
by flanging outwardly the openings of the main shell, and that of 
the steam drum to fit inside the connecting neck is also flanged 
to fit the shells to which the neck is riveted. 

He also objects to taking the feed water through the blow-off 
pipe, but fails to see that such pipe is of large diameter, and is 
encased in the hot walls of the boiler setting, and the water 
enters the boiler in a constant stream—not intermittingly— at a 
temperature of about the steam pressure. The suspension of 
the boiler without lugs is explained in my reply to Mr. Eldridge. 

I agree with Mr. Walworth that if boilers are properly erected 
in brickwork, as stated by him, binder bars are superfluous. In 
my late practice [ have dispensed with them. 

A word in regard to Mr. Dean’s statement that I am mistaken 
in my assertion that superheating cannot exist while the steam 
is in contact with water. My statement was made particularly 
in reference to horizontal boilers. I am aware that some verti- 
‘al boilers, by reason of the contracted water space as well as 
the flue at the top, do superheat. 

I have made some four hundred evaporative tests of horizon- 
tal boilers, and have never succeeded in getting superheated 
steam where water and steam space were combined. 

Trowbridge, in Heat as a Source of Power (p.« 35), says: 
“When heat is continuously applied to liquid in a closed vessel, 
the space enclosed remaining constant, the temperature of the 
liquid and vapor will continually increase if there be no dissipa- 
tion of heat through the sides of the vessel ; the quantity of the 
liquid will diminish and the pressure will increase, the vapor 
remaining saturated as long as any liquid remains. After the last 
element of liquid shall have passed to the state of vapor, if heat 
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be still applied, the vapor begins to assume the properties of the 
permanent gases. Under this condition, if the temperature 
could be indefinitely raised, or the volume of the space indefi- 
nitely increased, under a constant temperature, the vapor would 
finally arrive at a state corresponding to that of perfect gas, and 
would then follow strictly the law of Mariotte and Guy Lussac ; 
and hence it may be said that the physical properties of vapors, 
when sufficiently expanded or at sufficiently high temperatures, 
and when they are not in contact with their liquids, are identi- 
cal with those of perfect gases.” 

In my experience I have found that there is a considerable gain 
by superheating steam, particularly when the superheating is 
done by the gases of combustion after having passed the water- 
heating surfaces. That is my object in isolating the superheat- 
ing space from the water-heating space by the use of a single 
neck connection at the extreme ends of each vessel, and the 
outlet for steam from the opposite end of the superheating 
drum, as time and space is an element for its completion (see 
Fig. 22—39, 40, and 41). ; 

Mr. Dean has failed to furnish any such boilers to bear out 
his statement. No doubt he would have done so had he known 
of any. Mr. Barrus makes no such mention in the tests made 
by him in his large practice. He was present when the paper 
was under discussion, and had no remarks to make on the 
subject. 

I beg to express my thanks to Mr. Rockwood for his kindly 
words relative to myself personally and to the subject matter 
of my paper. 

I welcome support from such a capable source. 
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NOTE ON STRENGTH OF WHEEL RIMS. 


BY ALBERT K. MANSFIELD, SALEM, OHIO, 


(Member of the Society.) 


On page 5 of Mr. Suplee’s translation of /ew/eaux’s Con- 
structory occur these words: “It is upon this point that the 
peculiar strengthening effect of ribs depends, and which makes 
their use so advantageous in cast-iron construction.” 

Then illustrations follow to support the fact that ribbed con- 
struction increases strength, that is, is economical of material ; 
but it is not shown there, nor elsewhere to the present writer’s 
knowledge, that this is not universally the case, but that the 
exact contrary may be the fact. 

This may best be pointed out by a practical illustration : 

The section modulus of the rectangular section of Fig. 30 


18 


a = 27.07, AA being the neutral axis. 

Now let one-fourth inch of the thickness of this section be 
formed into arib 3} inches thick, as shown by Fig. 31. Presery- 
ing the same total area as before, this rib becomes 2 inches 
deep, making the total depth of the section 4} inches. The 
neutral axis will be found to be located as shown in the figure, 
and from a _ well-known formula the section modulus is 
found to be 18.64; that is, the least section modulus, or 
the moment of inertia divided by the greatest distance of fibre 
from the neutral axis. 

The section has therefore been weakened by the ribs; in fact, 
unless it represents the special case of a cast-iron beam loaded 
so that the extreme fibre is subjected to compression, it is only 
about two-thirds as strong as before. It is seen, therefore, that 
under some conditions ribbing does not have a strengthening 
effect. It would clearly be useful to generalize this matter in 


* Presented at the New York meeting (November, 1898) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the 7ransactions. 
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‘ 
such a way as to make it easy for the designer to determine when 
and to what extent ribbing may or may not be resorted to with 
advantage, but that is beyond the purpose of the present 
writing. 

If we separate the rib of Fig. 31 into two ribs and place them 
at the ends of the section as in Fig. 32, we have, without change 
of strength, a section similar to that often used in the construe- 
tion of wheel rims. The bending moment of such rims, due to 
centrifugal force, acts with maximum effect near the wheel 
arms, in such way as to cause fens/on at the extreme fibre. It 
will be clear, therefore, that such ribs in such place may make 
the wheel weaker than it would be if they were not employed. 
It is not meant that wheels cannot be ribbed in this manner to 
their advantage, but rather that it is necessary to take care 
that they are not thus ribbed to their disadvantage. There are 
many wheels in service which have been strengthened in this 
negative way. 

The destructive accidents which have occurred to large wheels 
have led to bringing cast-iron into disrepute as a material from 
which to construct such wheels. This fact, coupled with that 
pointed out above relative to rim flanges, has led the present 
writer to the use ef the method of ribbing wheels illustrated in 
Fig. 33, which seems to fill all requirements, enabling cast-iron 
rims to be made as strong as may be practically desired. 

Maintaining the same face of wheel and total area of section 
as before, let us employ { inch of the thickness of rim in form- 
ing a rib 1} inches thick at centre of rim; the section then be- 
comes as shown by Fig. 34. The neutral axis of this section 
is at line Ad, and the section modulus becomes 77.5, which 
is nearly three times as strong as the section of Fig. 30, and more 
than four times as strong as the flanged section of Fig. 32. Of 
course, a further increase of strength may be obtained by adding 
to depth of flange. 

Now the section of Fig. 34 is taken to represent that next the 
arms, in which (the case being that of a built-in beam uniformly 
loaded) the extreme fibre is under tension. 

The mid-section between arms, however, while acted upon by 
an equal moment (when the cross section is uniform), is bent in 
an opposite direction ; therefore the extreme fibre is compressed, 
which, for equal strength, enables the flange at this point to be 
reduced, because cast iron is twice as able to resist compres- 
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sion as extension. The section modulus at this point may 
therefore be one-half as great as at the arms, which will be found 
to correspond with a flange depth of about five-eighths of that 
at arms, or in this case about 7 inches. 

These proportions are shown in Fig. 33. Almost any desired 
strength may be attained by this method. It has several other 
advantages over uniform flanges at edges which will readily 
occur to designers of wheels. 


DISCUSSION. 


Prof. D. S. Jacobus.—Professor Denton, who is unavoidably 
absent this morning, has asked me to bring up the point that by 
vasting a flange on the rim in the way represented in the author's 
second sketch, we do reduce the strength of the rim, but we 
increase the stiffness, and the stiffness is an element of strength. 
Ordinarily speaking, when a fly-wheel bursts there is some 
irregular action, and it appears that the irregular action causes 
a pulsation in the wheel, and that it is this pulsation which 
augments the strain and breaks the wheel. By increasing the 
stiffness we tend to decrease the pulsations, and thus make the 
wheel stronger, and this fact has not been considered by Mr. 
Mansfield. 

Mr. William Mansfield has very cleverly 
shown us how the process of evolution of a ribbed wheel rim 
may be carried through a series of faulty proportions to one of 
recognized value. It is extremely important to notice that he 
is dealing with the same amount of material. It will cost no 
more to make the wheel rim much stronger by properly dispos- 
ing the material. A recognition of this feature of the economies 
of machine design might be profitably extended to many other 
details. The effect of cooling on the ideal rim section, as shown 
in Fig. 34, will be very marked compared to that on the prevalent 
type, shown in Fig. 31. Making flange and web of the same 
thickness, or very nearly so, provides for the ideal cooling of 
cast iron or of cast steel. Initial strains are avoided which, if 


we mistake not, have sometimes caused fly-wheels to burst while 
lying in the foundry yard; and to unequal cooling may be 
traced many an accident after the wheel has been put into 
service. Cast metal will not be so treacherous if treated in this 
rational manner, as suggested by Mr. Mansfield. It is apparent 
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that some ribbing should be provided to resist the so-called 
bursting pressure, due to centrifugal force ; but the new outline 
of this rib, as shown in Fig. 33, is as novel as it is interesting, as 
an example of the application of the principles of structural 
mechanics to fly-wheel designing. It is clear, also, in following 
out this application, that the segments of fly-wheels should be 
bolted together midway between the arms, and not at the arms, 
as is often done. 

Mr. H. I. Suplee.—As Mr. Manstield refers to my translation 
of Revleaua’s Constructor, 1 think that in justice to him the 
quotation should be carried a little further. When the entire 
paragraph is quoted, I think the subject is placed in rather a 
different light. Professor Reuleaux says, after referring to the 
question of strengthening by flanges or ribs : 

*«Tt is a matter of some importance for the designer to keep 
in mind some general conclusions which may be drawn from the 
tables as to the influence of various shapes upon the strength. 
It will be plainly seen that the depth of a section is the dimen- 
sion which has the greatest influence upon the strength, and 
also that those portions of the section which are furthest re- 
moved from the neutral axis are of the most service. 

“Tt is upon this point that the peculiar strengthening effect of 
ribs depends, and which makes their use so advantageous in 
‘ast-iron construction. These ribs do not act so much by the 
mere strength of their own cross section as by the fact that they 
strengthen those portions which are furthest removed from the 
neutral axis.” 

Then follows a practical example of almost identical nature 
with that given by Mr. Mansfield. 

I desire to put this on record so as to present Professor Reu- 
leaux in the proper light. 

Mr. Trile I. Miiller.—\n the October (1893) number of the 
always valued Power, I found some notes on a fly-wheel acci- 
dent in Memphis, which, I think, admit of some additional 
remarks. 

Although the data given in the account of the accident were 
very meagre, it appears that there are a sufficient number of 
dimensions, ete., to arrive at some conclusions regarding the 
wheel, and from these it would appear that the strains produced 


* Reuleaux’s Constructor, translated by H. H, Suplee, page 5. 
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may come very near to ultimate strength, and exceed the elastic 
limit to a considerable extent at the normal speed of 152 
revolutions per minute. 

In a wheel with a deep narrow rim we are no doubt justified 
to calculate the centrifugal effect for the entire rim, assume this 
to be an evenly distributed load acting radially outward, and 
take the projection of all these forces on the diameter as the 
strain produced in any diametrical section of the wheel, in the 
same manner as we calculate the strains produced by internal 
pressure in a tube, and so far I agree perfectly with the results 
as reached by others. 


Topicals 


When, however, the rim is wide and thin, as the rims of pul- 
leys are, and the distance between the arms where they are 
joined to the rim large, when compared to the thickness of the 
latter, we shall have to examine that part of the rim extending 
from one arm to the other for other strains than those found by 


or Uw. Vv" 
above general formula for centrifugal force (Fig. 35): /’ = 


qr 

If we had a perfectly flexible rim, say one made of thin sheet 

steel, and permitted the part a’ to assume the most favorable 

curve due to the different forces, it would not be very difficult 

to find the tangential forces as well as the shearing strains at 
wand But we would not have a round wheel, 
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For cast iron, however, and for the small deflections permis- 
sible to keep the rim to its true circle, we shall be compelled to 
regard the piece from @ to bas a rigid beam, and calculate the 
strains appearing under that assumption 

Judging from the illustrations in /?ower for October 1, 1893, 
I assume that the wheel had two sets of arms, eight in each 


set, and from data given 


Thickness of rim about. ... inels. 
Revolutions per minute. .... ..........6. 152 inches, 


This would vive a mean diameter for centre of rim of 137 
inches, and v = 5.7085 feet, and ¢ (velocity in feet per second) 

91 foet —v° = 828l—when the wheel is remaining at a normal 
speed of 152 revolutions per minute. At this speed we find 
from the above formula that every pound of metal in the rim 
produces a centrifugal effect of 


F - tit 15 lbs. 
qr 32.16 


A part of the rim extending from « to 4, being 50 inches wide, 
and having two inwardly projecting edge rims (the dimensions 
of which are not given), would weigh nearly 800 pounds, and 
therefore 800 « 45 = 26,000 pounds, would represent the uni- 
formly distributed load to be sustained on this part of the rim. 

We shall not be very far from the truth if we consider the 
section of rim from « to/ (taking into account the nature of 
cast iron and the rigidity required) as a beam uniformly loaded 
and firmly fixed at the ends, and at the same time, to simplify 
figures, take only a strip one inch wide for calculation. 

We found above the centrifugal effect for normal speed of 
wheel 45 pounds for each pound weight, and taking cast iron 
at 0.26 pound per 1 eubie inch, we find that each ineh in 
length of our beam 1 inch wide extending from «@ to > has to 
sustain 11.7 pounds. Projecting this load on to the chord ab, 
we find that we have a total load of 613 pounds on that beam 
uniformly distributed. 

The strength of a beam firmly fixed at each end, and uniformly 
distributed load, is found by the general formula. 
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When P = uniformly distributed load. 
Px L=138 x 8. 
L = Length of beam in inches. 
R = Moment of resistance of the cross section. 
S = Strain per square inch in most strained fibre in 
pounds. ‘Transposing this formula for fibre strain, we have 


S 
12.2 


In our case we have LZ = length of beam = 52 inches. 


bh 
R=moment of resistance for rectangular section = @? and 


for a beam 1 inch wide and 1 inch thick (the rim being 1 inch 


bh? 
thick), = 
6 
613 x 
For P = 613 pounds, S becomes 9x1 = 15,938 pounds. 


To this fibre strain will have to be added the strain re- 
sulting from the centrifugal forces acting on the wheel, and 
tending to separate it in two halves, as found by the for- 
mula cited for a hollow cylinder, which in the present case 
amounts to some 800 pounds per square inch, designated in 


Fig. 35 by 


= 


Owing to the inwardly pointing flange on the 


rim, the moment of resistance will be somewhat larger than 
that of a plain rectangle, but not of sufficient influence to affect 
the result very much. The above figures show that the section 
of the rim for a given weight must show a different distribution 
of metal, either with a rib between the arms as in Fig. 36 (and 
also in Fig. 35 from m to ”), or, better yet, as in Fig. 37, which 
is a variation of the Fairbairn section of cast-iron girder, Fig. 38, 
with flanges proportioned to the capacity of cast iron to resist 
compression and tension. 

Is not the high strain found above corroborated by the de- 
scription of the accident by the engineer, as quoted, “that 
the wheel seemed to open up altogether, without warning ?” 

The proportioning and shaping of a proper section for the 
rim will not present any serious difficulty to either the designer 
or the foundryman, whose requirements should be carefully 
considered in such work. 

I trust that the above sketch may prove to be of some value 
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to those interested in this fly-wheel rim question, and perhaps 
induce some gentlemen having sufticient time to evolve complete 
formule for their fly-wheel rims at high speed, which take 
notice of the shearing and bending strains appearing at given 
speeds. But even then in making such a wheel we shall have 


Topicals 


to consider quite a number of points that cannot be expressed 


in lar dy. 


The point I wish to make is, that strains other than the plain 
and simple tangential strains resulting from centrifugal forces, 
exist in the thin rims of cast-iron fly-wheels, which strains may 
be serious and even dangerous at the normal speed for which 
the wheel is intended. On the other hand, in this apparent 
epidemic of hurting fly-wheels, papers can do and are doing 
an enormous amount of good, not only by the information 
imparted through their editorials, but by the liberality shown 


Fig, 36, 
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in opening their columns for the general discussion of the 
subject. 

Prof. J. Burkitt Webb.—lf T understand the discussion, it is 
assumed that the rim ofa fly-wheel running at a high speed is 
bulged out between the arms by centrifugal force, and Professor 
Unwin is referred to as assuming that it does. Now, so far as 
any book work is concerned, an author usually takes care to 
simplify a problem to su't his mathematics, and I do not think 
that any one has allowed for the stretch of the arms without 
considering them to be of uniform section. The question which 
oceurs to me is whether it might not be possible to so propor- 
tion the arms that the wheel would remain round under the in- 
fluence of centrifugal force, and I am quite sure that an arm 
could be so proportioned, and even that it might be propor- 
tioned so that the arms would stretch out farther than the rim. 
This becomes evident by considering that an arm of uniform 
section stretches about one-sixth of the right amount, and that 
the other five-sixths could be obtained by swelling out the outer 
end of the arm into a mass about equal to that of the rest of the 
arm. 

But this must not be construed as a proposal to build fly- 
wheels in this way. It seems to me that in the constraction of 
fly-wheels of large size a lesson might be learned from bridge 
construction, in which no one ever thinks of using cast iron for 
tension members. Why not cast the rim of the wheel in any 
suitable lengths and join them so as to receive compression, not 
tension. Then make the web of numerous steel rods, bicyecle- 
fashion, arranged tangentially to the hub, of course. TI believe 
that such a construction would be better and cheaper than any 
other, for it must be noticed that the stress on all the parts 
could be easily and certainly calculated, and therefore no waste 
metal or large factor of safety would enter into it. In such a 
wheel enough initial tension would be put into the spokes to 
prevent there ever being any tension in the rim. 

A. K. Mansre’d.*—Professor Denton’s point that shallow 
flanges increase stiffness though they may reduce strength is 
correct, but he probably does not intend to offer this as a reason 
why we may sacrifice strength, which is an important quality in 
wheels, and in order to avoid overstraining the metal, must be 
considered for itself. 


* Author’s closure, under the Rules, 
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Professor Aldrich points out that with the ribbed construction 
of Fig. 33 it is logical to make the joint of built-up wheels mid- 
way between arms, and treat the rim as a series of cantilever 
bridges. Certainly if due strength is provided for, this is as 
rational as is the cantilever bridge, and the method of ribbing 
suggested by Fig. 33 is adapted to meet all practical needs as 
regards strength. 

Mr. Suplee’s more extended quotation from Reulewux’s Con- 
structor does not appear to alter the fact that this author, in 
common with authors of other text books, fails to point out that 
flanges or ribs may weaken a beam. He treats of the subject of 
“strengthening by ribs,” but not of that of weakening by the 
same means. He refers to the “advantageous use of ribs in 
cast-iron construction,” but nowhere to the fact of their possible 
disadvantageous use. 

In this respect he does differ from other writers, but expresses 
the seemingly general view in a conveniently quotable way. 

I am sorry that this matter has not received more attention 
from the present discussers, not in its relation to whee] rims alone, 
but in the general subject, which appears to have novelty. 
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DCCXCVIL.* 


THE VARIATION OF BELT TENSIONS WITH POWER 
TRANSMITTED, 


BY WM. 8. ALDRICH, MORGANTOWN, W. VA. 


(Member of the Society.) 


THERE are certain questions continually arising in engi- 
neering practice which do not seem.to admit of settlement by 
either reason or experiment. Some of these ever-recurring 
questions relate to the transmission of power by belting. In 
what way are the belt tensions altered as the load is applied ? 
What effect has the change of load on the sum of the belt ten- 
sions? Is there any relation between the belt tensions which 
does not involve the coefficient of friction ? 

The present paper does not attempt to settle these or similar 
points by reporting new experiments on belting. Its purpose is 
to open up a discussion of such mooted questions, perhaps in a 
different line from that heretofore considered. From a careful 
study of the ‘‘ Experiments on the Transmission of Power by 
Belting,” made by Messrs. Wilfred Lewis and J. 8. Bancroft for 
Wm. Sellers & Co., of Philadelphia, and reported to this Soci- 
ety,t the author is led to the following conclusions : 

That, with a given initial or laced tension and a constant lin- 
eal speed, when the load is increased : 

(1) The tension on the tight side of the belt increases much 
more rapidly than the tension on the slack side decreases. 

(2) The working tension (7, — 7) increases more rapidly than 
the sum (7, + 7) of the tensions on the tight and slack sides. 


(3) The working tension (7',— 7.) tends continually to ap- 
proach the value of the sum (7 + 7) of the tensions, as the 


load is increased indefinitely as far as the breaking strength of 
the belt. 


* Presented at the New York meeting (December, 1898) of the American Society 
of Mechanical Engineers. and forming part of Volume XX. of the Transactions 

+ Transactions A. 8. M. E., vol. vii., No. 213, ‘‘ Experiments on the Trans- 
mission of Power by Belting,” by Wilfred Lewis, 
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(4) The ratio of the tensions of a belt transmitting power 

cannot be calculated with any degree of accuracy by means of 
T 

the well-known belt formula ( — involving the are of 
; 

contact and the coefficient of friction. 

(5) There is a definite relation between the ratio of the belt 
tensions and the ratio of their sum and difference, which relation 
is independent of the coefficient of friction, and may be reduced 
to the following form: 


Increasing the power transmitted by a belt having a definite 
are of contact on the pulley and moving at a constant lineal 
speed, has a twofold effect: it produces an increased slipping 
of the belt over the pulley, and results in a re-distribution of the 
forces in the belt itself. These alter the respective values of 
the tensions on the tight and slack sides, increasing their ratio, 
increasing their difference in proportion to the power trans- 
mitted ; increasing, also, their sum, and so increasing the pres- 
sure on the journal. In the midst of all of these changes, the 
coefficient of friction undergoes a radical alteration in value, 
which will be considered in the discussion of the well-known 
belt formula, involving the coefficient of friction as a function of 
the ratio of the belt tensions. 

The difference of the belt tensions is a direct measure of the 
power transmitted, and is therefore the most readily obtained 
value in any case of belt transmission. It is sometimes called 
the working tension, or the effective tension, or the driving ten- 
sion. It steadily increases from a zero value, when the belt is 
at rest, to a value approaching more and more the sum of the 
belt tensions as the load is increased. 

The sum of the belt tensions has the least value when the 
belt is at rest, and is then equal to the initial or liced tension. 
It has now been incontestably proven that the sum of the belt 
tensions does not remain constant as the load is increased. Mr. 
L>wis sums up the matter thus: “that the sum of the belt ten- 
sions remains constant, is directly controverted by these experi- 
ments, and it can now be positively asserted that in all cases an 
increase in the load is accompanied by an increase in the sum 
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oi the tensions.” This results in an increase of pressure on the 
journal, and may be so measured in any given case admitting of 
such measurement, notably so in the case of dynamos and 
motors mounted on sliding ways. 

The writer has used the terms “tight” and “slack” sides of 
the belt, rather than the older terms of “ driving” and “ follow- 
ing” sides, for the reason that the slack side is just as much a 
factor as the tight side in transmitting power by the belt. The 
slack side of the belt, while it does seem to follow the tight 
sile in point of location, has a tension that is an all-important 
element in determining the effective or working tension to which 


ension in Lbs. on Slac k Side, or 
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Fig. 39.—SuOWING THE VARIATION OF THE BELT Tensions, 7 AND 7), AS 
THE LoaD 1s INCREASED. THE “ A” TENSIONS ARE EQuAL 
AND THE BELT 1S AT REst. 


the belt is subjected in any given case. In other words, the 
slack tension is an element in the driving tension of the belt. 
The many valuable experiments recorded in Mr. Lewis's paper, 
previously referred to, furnish sufficient data for a few generaliza- 
tions. ‘Two of these of the first importance relate to the varia- 
tions in the individual belt tensions as the load is altered, and 
to the manner in which the sum and difference of the tensions 
vary under like conditions. Characteristic curves for each of 
these relations are plotted in Figs. $9 and 40. It is quite prob- 
able that a careful comparison with similar mathematical curves 
will show to what particular type these belong; or their 


equations may be derived by the well-known method of obtain 
ing empirical formule to represent the relations given by the 
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curves potted from observations. The author has not yet 
found any satisfactory relation between the quantities involved 
which will apply to Mr. Lewis's experiments in general. It 
may be interesting to note that Fig. 40 represents the variation 
of the pressure on the journal with the horse-power transmitted, 
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Fic. 40 —SHOWING THE VARIATION OF THE SUM AND THE DIFFERENCE OF 
THE BELT TENSIONS, OR THE INCREASE OF PRESSURE ON THE JOURNAL 
AS THE Horsi&-rPOWER TRANSMITTED BY THE BELT IS INCREASED. AT THE 
Point ‘‘ A”, THE PRESSURE IS DUE TO THE INITIAL OR LACED TENSION 
AND THE BeLT is AT REst. 


since these are directly proportional to the sum and difference 
of the belt tensions, respectively. When a satisfactory relation 
is found connecting these two quantities we shall be able to eal- 
culate at one: th» pressure on the journal dae to any horse- 
power transmitted by the belt. The importance of this, in 


some cases, cannot be overestimated. 
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Another result of this determination will be a more accurate 
way of obtaining the average strain to which the belt has been 
subjected under any given load conditions. Mr. F. W. Taylor, 
in See. 75 of his “ Notes on Belting,” read before this Society,* 
calls attention to the unsatisfactory state of our present knowl- 
edge on this point : 

“Tt would seem as though the effective pull of the belt on the 
rim of the pulley might be calculated by considering the tension 
of the cone belts at the time when they required tightening in 
connection with their coefficient of friction and the well-known 
belt formula. However, in looking through the careful experi- 
ments to determine the coefticient of friction, we see that the 
coefficient of friction varies from 15 per cent. to 135 per cent., 
according to the nature and condition of pulleys and belts, the 
belt dressing, the amount of slip, and even the atmospheric con- 
ditions. And, again, the notable discovery of Messrs. Lewis and 
Bancroft (whose experiments, on the whole, appear to be the 
most carefully and thoroughly conducted), that the ‘sum of the 
tensions on both sides of the belt does not remain constant,’ 
upsets all previous theoretical belt formule. When we consider 
these facts it would seem doubtful whether any calculation on 
the subject would lead to reliable results.” 


The old established formula: “ ae 
is based on assumptions that do not hold true in the transmis- 
sion of power by belts. It is derived on the assumption that 
the belt is just on the point of slipping, but that slipping dves 
not actually occur. In point of fact, slipping does occur, and to 
a remarkable extent. It continues to increase as the load is 
increased, effecting radical and almost indeterminate changes 
in the coefficient of friction. Many of the experiments of Mr. 
Lewis show that with steady load and at constant lineal speed 
the belt kept on slipping, in some cases till it slipped off. Under 
these conditions the ratio of belt tensions remained constant 
because of the steady load on the belt; and yet this would 
imply, by the application of the theoretical formula, that the 


* Transactions of the A. S. M. E., vol. xv., No. 568, ‘ Notes on Belting,” by 
Fred. W. Taylor, 
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coefficient of friction remained constant. While it may be true, 
as earlier pointed out by Mr. Towne, “that the speed of slip 
between the belt and the pulley is a factor of prime importance 
in determining the coefficient of friction,” clearly “ there is still 
need of more light on the subject,” as pointed out by Mr. Lewis 
at the conclusion of the whole summary of his experiments on 
belting. 

Fig. 41 shows the variation of the ratio of the belt tensions 
with the coefficient of friction, as determined from this ratio by 
the theoretical formula. It has not been possible to obtain any 
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Fig. 41.—Snowine THE VARIATION OF THE RATIO OF THE BELT TENSIONS 
WITH THE COEFFICIENT OF FRICTION, 


relation between the speed of slip and the coefficient of friction, 
even by an added study of Professor Lanza’s valuable experi- 
ments, as reported to this Society * in his paper on the “'Trans- 
mission of Power by Belting,” whose closing lines breathe a 
similar spirit of hopefulness for the future: “While there are 
doubtless some discrepancies in these few experiments which 
will be eliminated as soon as we have a larger number, and while 
we shall before long be able to make out a table showing exactly 
how much we must strain our belts to accomplish any desired 


* Transactions A. S. M. E., vol. vii., No. 202, ‘* Transmission of Power by 
Belting,” by G. Lanza. 
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result as to transmission and slip, what has been done is suf- 
ficient to enable us to say with certainty that a coefficient of 
friction of 0.42 is altogether too large and is never realized in 
practice.” 

Upon plotting a series of values from Mr. Lewis’s experiments 
to show the relation between the ratio of the tensions and the 
ratio of their sum and difference the general curve, Fig. 42, was 
obtained. 

In order to put the curve in another form closely allied to 
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WITH THE RATIO OF THEIR SUM AND DIFFERENCE, 


an existing mathematical curve, Fig. 43 was plotted showing the 
relation between the value of unity minus the ratio of the 
tensions, and the value of the ratio of the sum and difference of 
the tensions minus unity. This is clearly a curve of the loga- 
rithmie form, and upon applying the values from the experi- 
ments to such a curve, they were shown to agree in a remarkable 
manner. From the equation of the logarithmic curve of this 


type: 
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we may, therefore, write the following equation for the curve of 
Fig. 43: 
+ 
1 
The value of the constant (/) was found by repeatedly apply 
ing the equation to the results of the experiments reported by 
Mr. Lewis, and found to be of the form: 
T 2 T, T. 


T. ™ —T 


Substituting this value, we have : 


2 
(4) 

T,— 
or, written in another form,'as follows: 

4 Ty 

& 
T, 2 ) 

Ts 


The value of e, the base of the Naperian system of logarithms, 
is 2.7183. 

This equation has been equally tested by applying it to the 
recorded data of the two independent investigators, Mr. Lewis 
and Professor Lanza, for conditions throughout a wide range. 
From one with a coefticient of friction of 0.228 and a belt slip of 
0.8 foot per minute to one with a coeflicient of friction of 1.57 and 
a belt slip of 548 feet per minute, the differences between the 
actual and the calculated values (as given by the formula) pass 
from very small positive to very small negative values. From 
these and like considerations it would appear that the disturb- 
ing elements of belt slip and variable coefficient of frietion do 
not enter to changé in any very material way the relation be- 
tween the ratio of the belt tensions and the ratio of their sum 
and difference, as finally reduced to the form of the equation 
referred to. 

The formula derived from a consideration of the logarithmic 
or exponential type of curves, as shown in Figs. 42 and 43, is 
clearly an empirical one. It is not claimed that it will hold true 
throughout all ranges of loads for all cases of belt transmission. 
Such a formula is yet to be derived. But the present one ap- 
proximates so closely the results of the experiments of Mr. 
Lewis and Professor Lanza, two independent investigators, that 
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it may be taken for all of the ordinary cases of belt transmission. 
It is at least one form of expression for the general law, so 
clearly indicated by Figs. 42 and 43. The problem is to arrive at 
an expression for the ratio of the tangential and normal forces 
on the belt as it moves over the pulley in transmitting power. 
In other words, what is wanted is the coefficient of friction of 
the belt on the pulley under dynamic conditions, when trans- 
mitting power, and not the coefficient of friction under statical 
conditions, when just on the point of slipping. What such a 
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Fig. 43.—SHOWING THE SAME LAW OF VARIATION As FIG. 42, AND FROM 
WHICH THE EmprricaL FORMULA WAS DERIVED. 


relation should be has not yet been determined ; but it does 
seem as though it should involve the tangential or effective pull 
of the belt (the difference of the belt tensions, 7’, — 7) and the 
pressure on the journal (the sum of the belt tensions, 7 + 7%). 
The effect of centrifugal foree on the belt should be considered 
theoretically ; but this is taken into consideration in the experi- 
mental data themselves, which give the values of the sum and dif- 
ference of the belt tensions. The many unsteady and uncertain 
conditions of belt testing make it difficult to get exact relations, 
much less to duplicate them. We shall await the results of 
other investigators to corroborate these conelusions drawn from 
the experiments heretofore presented to this Society. 
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DISCUSSION, 


Mr. Carl G. Barth.—Though the experiments on the transmis- 
sion of power by belting made by Messrs. Lewis and Bancroft 
date back to a time when I was still in the employ of William 
Sellers & Co., of Philadelphia, and though I was at one time fully 
familiar with Mr. Lewis’s paper on the subject, I must confess 
that I have never seriously paid any attention to the conclusions 
drawn by Mr. Lewis until reading over the paper now presented 
to this Society by Mr. Aldrich. In so doing, however, the idea 
suggested itself to me, that all this mystery about the behavior of 
the tensions in the two sides of a belt, could probably be explained 
on the quite plausible assumption that the modulus of elasticity of 
leather is not practically constant for all stresses within the elastic 
limit—as it is for most materials of construction—but decidedly 


| rariable. Acting on this suggestion, I readily found that a curve 
of the same general character as that plotted in Fig. 39 of Mr. 


Aldrich’s paper, to represent observed simultaneous tensions in a 


belt, could be constructed on the assumption that the elongation 
of a piece of leather is proportional to the square root of the 
stress, instead of to the stress direct ; and encouraged by this, I 
soon reproduced the curve itself with remarkable closeness, on 
the assumption that the elongation varies as the .65 power of the 
stress, Assuming thus: 


dil 


where 4 / is the elongation of a length / under a tension 7’, and C 
is a constant, we may write the excess in the length of the light 
side of a belt over its original length /, under no tension, 


and, similarly, the excess in length of the slack side, 


Adding (1) and (2) gives 
4h+ 4,2 bth (3) 
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But when no power is transmitted, 7; and 7) are equal, and des- 
ignating their common value by 7’,,, we may therefore write 


Now, it is clear that the total elongation of a belt must be 
practically the same, no matter how the tensions vary, and no 
matter how influenced by centrifugal action, so long as the belt 
remains in contact with its pulleys, and hence we may write 


4], 442-241 


my 
so that combining (3) and (4) we get 


But no appreciable error will be committed by writing /,, for 
both 7, and l,, which, however, will simplify this last equation to 


On the above made assumption, and neglecting the undoubtedly 
only small possible modifications that would be introduced by 
taking account of the variable tensions and elongations in the 
parts of a belt in contact with the pulleys, and the variation in the 
catenaries of the open parts, we thus have a very simple equation 
for the relations existing between the tensions in the two sides of 
a belt-transmitting power, and the initial tension of the belt at 
rest; and the same is hereby respectfully submitted to the con- 
sideration of such investigators as have a good testing machine at 
their disposal, and who are thus able to determine whether the 
assumption made will be borne out by the facts about the physical 
properties of leather. However, even if not substantiated by such 
facts, this formula would, on account of its greater simplicity, be 
a material improvement as an empirical substitute for the one 
that constitutes Mr. Aldrich’s fifth conclusion. In either case it 
implies the acceptance of Mr. Aldrich’s first three conclusions, 
while I fail to see that he has in any way substantiated his fourth 
conclusion—the condemnation of the well-known belt formula 


$2 = é”), I thus do not see why the friction of a slipping belt 
2 

should be essentially different from that of a statica/ one, except 
in so far as it has been well established that the coefficient of 
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friction for slip is greater than for rest, and thus explains why a 
belt must slip considerably in order to transmit an amount of power 
that calls for a great difference in the two tensions, and accord- 
ingly also a great ratio between them. ‘To be sure, the formula 
is in so far defective as in its derivation the effect of the thickness 
of the belt is neglected, this being treated as infinitely small as 
compared with the diameter of the pulley; and I therefore take 
this opportunity to also offer an improvement on this formula, 
which I derived some time last spring while working up the 
subject of power transmission for a new advanced course of 
mechanical engineering for the International Correspondence 
Schools of Seranton, Pa. 
This improved formula is 


Now, of course, so long as so little is known about the value of 
the coefficient of friction under various conditions, it would be out 
of place to make use of this more exact formula in actual ealeula- 
tions; but the same is nevertheless of considerable interest as it 
to some extent will explain the well-known, but to my knowledge 
never before explained, fact that, under otherwise equal condi- 
tions, 2 belt will slip more readily on a pulley of small diame- 
ter than on one of larger diameter, but with the same are of 
contact, 

Mr. Wilfred Lewis.—As the purpose of this paper is to open up 
discussion, some criticism of the author’s conclusions is evidently 
invited, and appreciating, as I do, his efforts to establish new 
truths from old data, I would be glad to agree with him in every 
particular, but in this hope I have been disappointed, and it is 
therefore my privilege to dissent and give reasons. 

It is not at all surprising that the sum of the tensions in 
horizontal belts should increase with the load transmitted, and 
this fact argues no peculiarity in leather as a transmitting 
medium, because it must be true of any material. This much 
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could have been proved without recourse to experiments, because 
the slack side can lose in tension only so much as is due to the 
length which it gains from tightening the other side. It could 
not lose all its tension if the belt were clamped to the pulleys 
and the tension on the tight side were increased to several times 
the original sum of the tensions. 

The length between pulleys is therefore an important factor, 
and the tension on either side might be estimated from the 
eatenary, which its length permits it to take. There is, therefore, 
no law to be anticipated as applicable to all belts without regard 
to position or distance between pulleys. 

The surprising fact noted in the Sellers experiments was an 
increase in the sum of the tensions upon vertical belts. Here 
there was no sag between pulleys to account for it, and the 
explanation could only be found in a peculiarity of the belt 
material. The cause was immediately sought in some variable 
rate of extension under increasing loads, and experiments made 
at the time but not included in the published record fully con- 
firmed this view. 

The modulus of elasticity for leather was found to increase 
with increasing tension, but it could not be definitely formulated, 
because time also was found to have an influence which could 
not be neglected. 

This change in elasticity naturally affects the sum of the 
tensions in horizontal belts, but as the length between centres 
increases, its influence becomes of less and less importance. 

Therefore, while agreeing with Mr. Aldrich’s first conclusion, it 
seems to me important to note the causes operating under different 
conditions to increase the sum of the tensions, and the impossi- 
bility of formulating the increase without regard to these condi- 
tions. 

So also with the second conclusion. The third conclusion is 
partly true for all belts, whether vertical or horizontal; but the 
amount of increase in 7,— 7, and in 7',+ 7, has a very decided 
limit for the former condition, whether the belt be long or short, 
while its limit for the latter condition depends chiefly upon the 
length of the belt. 

In regard to the fourth conclusion, that the ratio of the tension 


eannot be caleulated with any degree of accuracy by the usual 
formula (— = )> there is some ground, [ think, for believing 
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that the assumptions upon which this formula is based are not 
always realized in practice. It assumes with good reason that 
friction is proportional to normal pressure, and increases from the 
slack to the tight side of the belt as it wraps around the pulley, 
the coefficient # remaining constant throughout, but in extreme 
cases, where f is very high, there is always a certain amount of 
gum-like stickiness on the belt surface which may vitiate the 
correctness of this fundamental assumption. 

This gummy material in the belt, or on its surface, warms up 
by excessive slipping into a lubricant which finally destroys ad- 
hesion, and allows the belt to slip off. I do not think, however, 
that under ordinary working conditions the formula in question 
ean be much at fault. 

However this may be, whether friction is strictly proportional 
to the normal pressure against the pulley surface or not, the ratio 
“! must depend upon friction for existence whenever it differs 
from unity, and yet it is quite possible to admit in the fifth con- 
clusion that there is a definite relation between the ratio of the 
belt tensions and the ratio of their sum and difference, which re- 
lation is independent of the coefficient of friction, This is the 
obvious relation between the sum and difference of any two quan- 
tities, but the attempt to formulate it is, in the present case, a 
demonstrable failure. 


The proposed equation — — a begins and ends in 
T 


the same terms without any foundation to stand on, and to find the 

relation 7 a. ~ we must substitute in the second term of the 
1 2 

equation the values of the very quantities 7, and 7, that we seek 

to find in the first. But if 7, to 7, are known, the first term is 

known, and of what use, it may be asked, is the second ? 

In this equation a relation is set up between identical 
quantities, and the base / stands ready to be raised to a power 
which implies full knowledge of the relation sought. There is, 
therefore, no occasion to perform the operation, but if we do 
go to that trouble, the error in the supposed relation is at once 
established. 

No matter what the coefficient of friction may be, 7, must be 
equal to or less than 7, If these quautities are equal, the first 
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T 
term of the equation becomes —‘ ,= ”, and the second, e’ = 7.4, 


making » = 7.4, which is manifestly absurd. 
If r, = .97,, the first term equals 10 and the second term be- 


comes ¢ 5) = 5.16. The two terms of this alleged equation will 


approach each other in value as 7, grows less, but they will never 
accord until 7, becomes zero, which applies only to an impossible 
assumption. 

The process by which this relation was deduced is clearly a 
case of reasoning in a circle. 

Figs. 89 and 40 are legitimate expressions for interesting rela- 
tions derived from experiments. 

Fig. 41 graphically represents theoretical values of / for varia- 
tions in the ratio of the belt tensions. 

Fig. 42 assumes to be, and no doubt was, derived, as stated, by 
plotting a series of values from the Sellers experiments, but it is 
not necessarily a diagram derived from or dependent upon experi- 
ment at all. The ordinates and abscissas in this curve are mutu- 
ally convertible, for when one is known the other is positively 
fixed, and the diagram really tells nothing. 

The same may be said of Fig. 43, which simply portrays rela- 
tions between different groups of identical quantities. 

The relations between these different forms of the same quanti- 
ties have been driven in a circle to the final result, in which the 
equated values may not meet, as already shown, by as much as 
the difference between 7.4 and infinity. 

The problem to be solved in the use of belting is not so much 
what a given belt can pull as what it ought to be required to pull, 
and on this point the data given by Mr. F. W. Taylor in his ** Notes 
on Belting ” * are particularly valuable. It is really a question of 
dollars and cents; the larger the belt used for a given duty, the 
greater the first cost and the less the cost of maintenance, and 
we must determine as best we can how far it pays to increase the 
first cost for the sake of the saving in maintenance. 

Mr. Taylor has shown by years of careful cost records that it 
does not pay to drive belting beyond a certain working limit, 
which is far within the bounds of common usage. 

Tt is hard to come down to the values he recommends, because 


* Transactions American Society Mechanical Engineers, vol. xv., No. 558. 
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the first cost is an obstacle in the living present, while the main- 
tenance belongs to the dim future; but if we come anywhere near 
his figures, it is safe to say that the increase in the sum of the 
tensions may be left to take care of itself. The greatest increase 
is to be expected on long horizontal belts, and these are unques- 
tionably the best suited to take it, because they can stretch more 
than any others without requiring attention. 

The practice of William Sellers & Co., Incorporated, in the use 
of belting is shown by the diagrams herewith (Figs. 44 and 45), 
This was adopted years ago as the result of the best light obtain- 
able, a decided difference being then made between laced and 
cemented belts, but with the recent improvements in lacings the 
difference shown may now be too great. 

The working strength of the leather is probably greater than 
Mr. Taylor would approve, but it is on the side toward which 
people naturally lean, saving in first cost, and it is offered in this 
connection as representing in concise form the outcome of the 
labors of William Sellers & Co., Incorporated, on the subject of 
belting. 

Mr, Barth.—\1 would like to say a few additional words in 
defence of analytical methods and treatment. You certainly 
waut as complete a mathematical analysis as you can possibly 
get in connection with any mechanical problem, even if this leads 
to a formula which is too long and cumbersome for the practical 
engineer to make direct use of, or to one whose refinements are 
lost, in its application, by the indeterminateness of some assumed 
constant, as in this case the coefficient of friction between the 
belt and the pulley. The importance and possibilities of mathe- 
matical analysis are sadly unappreciated by even many of our 
most reputable practical engineers, who still stick to the idea of 
making experiments and testiny to destruction. But experiments 
undertaken without the guidance of at least a fairly complete 
theory founded on analysis, more frequently lead to a misinter- 
pretation of the observations made than to correct conclusions ; 
while the testing to destruction of anything but a simple centrally 
loaded member, cannot possibly furnish you with information 
that will enable you to determine a proper working load. For is 
it not a fact that you want to limit the stresses under actual work- 
ing conditions to something certain? And when you test a thing 
to destruction you absolutely upset the conditions and relations 
that exist before any material deformation takes place. Only by 


i 

| 


Fia. 45. 
Effective Belt Pull in Ibs. per sq. in. 


Fic. 44. 
Tforse Power of Leather Belts per sq. In. of section. 


VARIATION 


E 


= 


30 


25 


20 


10 


BELT TENSIONS WITH POWER TRANSMITTED. 


Velocity of Delt in feet per minute. 


= = = = = 


<P 


5 
Factors to be used for different angles of subtention,. 
ANGLE OF SUBTENTION 90° 100°110 120° 1907140150 170 180 1907 200/210 
65.70.75, S83 87.91 .94).97 1.00)1.03 1.05 1.07 
3elts may drive 337 more, or 25¢ less than values plotted. 
22 
wou 
Zw 
xo 


y 


per sq. in, 


Ibs. 
25 for new or dr 


pull of belt. 


‘ffective 


ind that of laced belts at + 
1.8 


The latter may vary from 


Total pull on shaft 


and tl 


belts. to 1.00 or over for belts well dressed and in the best work 


of subtention has been assumed to be 180°, 


diagrams. the working strength of cemented belts has been taken at 400 lbs, per 


In these 


The a 


Aldrich 


| | 


VARIATION OF BELT TENSIONS WITH POWER TRANSMITTED. 153 


a judicious combination of tests and analysis can you hope to get 
proper proportions into your engineering structures, and you may 
feel sure that the possibilities of mathematical analysis in engi- 
neering are as yet far from exhausted, even though some may 
faney there is nothing in it. 

Mr. Oberlin Snith.—1 would like to ask whether any gentlemen 
here have had any experience of the relative power wasted with 
double width and single width by the extra stiffness in belts. I 
want to know the power which is wasted by bending a belt which 
probably would bend about as the square of its thickness over 
the power used by a thin one. 

Prof. Wm. S. Aldrich.*—It has been repeatedly shown, and 
again noticed in this paper, that the most readily obtained value 
in any case of belt transmission is the difference of the belt ten- 
sions. In particular, in the case of dynamos and motors, the 
power transmitted by the belt is very easily obtained from the 
known efficiency of the machine, and the watts output or input, 
as the case may be. 

If, now, to combine with this difference of belt tensions we can 
get another—an empirical relation between the belt tensions not 
involving directly the coefficient of friction, or the slip of the belt— 
we shall then be able to determine the separate tensions. This 
cannot be more than an approximation, in any case. It will be 
sufficiently accurate, however, to be useful in forming some idea 
of the sum of the tensions; that is, of the pressure on the jour- 
nals. In many cases, as in dynamo and motor working, this is 
a desirable quantity. There are very few such instances where it 
ean be readily measured, as by a spring balance. 

The author has attempted to derive such a relation as indicated 
above, from a consideration of the nature of the curve shown in 
Fig. 42 of the paper. This curve is derived from and is depend- 
ent upon the values for the belt tensions given in 278 out of 330 
of the experiments reported by Mr. Lewis. It represents the 
characteristic variations between the tensions indicated. 

The value of the constant (4) and the resulting equation (5) 
have been obtained by the most thoroughly recognized process in 
experimental engineering ; namely, by plotting the experimental 
results, and then proceeding to find a mathematical relation, as 
an equation of condition, which, with suitable constants, will apply 


* Author's closure, under the Rules. 
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to the curve plotted. The curve, Fig. 45, was derived from Fig. 
42 by the well-known method of changing the origin of coirdi- 
nates ; but this does not change its value in the least as represent- 
ing the relations between the experimental values. It shows a 
family likeness to a well-known mathematical curve, the equation 
of which has long since been established, equation (1). 

An analysis of all of the experiments on belting reported by 
Mr. Lewis shows that the majority of them (278 out of 330; that 
is, 84.5 per cent.) were run under conditions which made the ratio 
of the belt tensions “Tess than 0.3. The value of the constant 


(k) adapted to this range was found, as stated, to be of the form 
given in equation (3). It is to the large number of experiments, 
falling within this range of values, that formula (5) under discus- 
sion is especially applicable. Table I. shows its degree of ap- 
proximation for assigned values of the ratio of the tensions. It 
will be seen that the approximation is sufficiently close for all 
practical purposes for all of the experiments in which the ratio of 
the tensions is 0.5, or less. This includes the majority, 84.3 per 
cent., of all of the experiments. The two terms of equation (5) 
accord, therefore, sufficiently close, long before the tension 7’, re- 
duces to zero. 

It was not claimed in the paper that this formula (5) will hold 
true for all ranges of loads for all cases of belt transmission. It 
will, however, apply with a fair degree of approximation, to the 
experiments, eighteen in number, in which the ratio of the ten- 
sions is between 0.3 and 0.4. Beyond this latter ratio the diver- 
gence gradually becomes greater; but this includes only thirty- 
four out of 330 of the experiments to which the formula will not 
apply. 

The application of the formula may be further examined by in- 
serting, in equation (5), the values of 7 and 7, from any set of 
experiments to which the formula will avowedly apply; that is, 
to those cases in which the ratio of the belt tensions is about 0.3 
or less. The results of such substitution are shown in Table IL., 


for the rather extreme conditions cited in the paper, namely, 
from one with a coefficient of friction of 0.228 and a belt slip of 
0.8 foot per minute to one with a coefficient of friction of 1.37 
and a belt slip of 54.8 feet per minute. 

No belt formula will apply to conditions which exist only when 
the belt is at rest. The values of 7; and 7, are then, and only 
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then, equal. The formula was clearly not intended for such con- 
ditions. Even the well-known belt formula, for the ratio of the 
tensions, is useless for these conditions. For then this ratio is of 
course unity, and there is no coefticient of friction. The whole 
problem is completely indeterminate when the belt is at rest. In 
fact, there is then no problem at all. You know that the two ten- 
sions are equal, and no formula is required to ascertain this. 

Equation (5) was not derived to suit a single, isolated, and ex- 
treme case, such as when 7) = 0.9 7. There is one and only one 
such ease in the whole list of 330 experiments reported by Mr. 
Lewis. The equation was derived to suit the general average 
conditions of 278 eases, however, which it does with a very close 
degree of approximation, and more closely than any other empiri- 
‘al formula. 


TABLE | 


Showing the degree of approximation of the formula for assigned values of the ratios of the 


tensions, 


CALCULATED VALUES FOR 
VALUES oF 


2 ASSIGNED Number of Experiments reported by Mr, Lewis, 
whose actual values cf the ratio fall 
7; between assigned values of this ratio 
27 
i T's / / 
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5 3. 7935 0.8 
3.3333 2.9359 0.7 
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2.50 2.3563 0.6 
2.00 1.9477 0.5 
19 experiments between 0.5 and 0.4. 
1.6666 1.6487 0.4 
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1.4286 1 4233 0.3 | 
| 45 experiments between 0.3 and 0.2. 
1.2500 1.2492 0.2 
i experiments between 0.2 and 0.1. 
1.1111 1.1111 0.1 
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DCCXCVIIL.* 
COOLING TOWER AND CONDENSER INSTALLATION. 


BY J. H. VAIL, PHILADELPHIA, PA, 


(Member of the Society.) 


Tur conditions existing prior to the installation of the plant 
referred to in the following paper were as follows : 

The electric light station was equipped with 27 boilers 48 
inches in diameter, 20 feet long, with 22 5-inch tubes. These 
boilers were set two to a furnace, grate surface 8 feet 6 inches 
by 5 feet, the odd boiler being set to a single furnace. The 
engine capacity and the load on the station already taxed all 
the boilers to the limit of their steaming capacity. 

Plans had been prepared and estimates made for enlarging 
the building and increasing the boiler capacity, prior to the 
time the proposition was given in charge of the writer. 

After a preliminary investigation of the existing conditions, 
the writer recommended that by the putting in of a cooling 
tower and a condensing system the engine capacity of the 
station could be increased, leaving the boiler capacity the same, 
thus saving the cost of adding more boilers and enlarging the 
‘building, and at the same time obtaining better economy, as 
well as a greater capacity for production. 

To determine the steaming capacity of the boilers, two tests 
were made with one pair of boilers, which showed the following 
results under regular working conditions : 

Duration of test, five hours. 

Coal, Shenandoah pea. 

Average temperature boiler feed, 206.5 degrees Fahr 

Grate surface, 45 square feet total. 

Average steam pressure, 97.4 pounds. 

Average temperature boiler room, 69 degrees. 

Average temperature stack gases, 440 degrees. 


* Presented at the New York meeting (December, 189%) of the American Society 
of Mechanical Engineers, and forming part of Volume XX, of the Transactions. 
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Coal fired, 6,280 pounds. 

Weight of ashes, 892 pounds. 

Weight of combustible, 5,388 pounds. 

Water evaporated, 704.6 cubic feet, 42,818 pounds. 

Water evaporated per pound of coal from and at 212 degrees, 
7.13 pounds. 

Water evaporated per pound combustible from and at 212 
degrees, 8.24 pounds. 

Coal burned per square foot of grate per hour, 29.2 pounds. 

This test showed that each 48-inch by 20-foot boiler would 
evaporate into steam 4,281 pounds of water per hour, giving a 
capacity of 115,587 pounds steam per hour with every boiler 
in operation. Coincident with the boiler test, one 18} by 30 


JU.Vail 


Fie, 46. 

Buckeye engine was using the steam from the boilers under 
test. Indicator cards were taken at fifteen-minute intervals for 
five hours. The result from the engine test and average of all 
cards showed a steam consumption of 468 pounds steam per 
indicated horse-power per hour. <A pair of specimen cards are 
shown in Fig, 46, and will serve for comparison with cards taken 
from the same engine some months later, after alterations. 

After the data derived from these tests had been analyzed, the 
writer recommended that the Buckeye engine should be con- 
verted from the 18} by 80 high-pressure engine into a 14} and 
25 by 30 tandem compound condensing engine; also. that an 
additional 750 horse-power tindem compound condensing engine 
should be erected in the station, together with a cooling tower 
and the necessary condenser equipment, and that the only change 
in boilers should be to raise the working pressure. No increase 
of boiler capacity has been made. 
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After investigation, the Barnard Patent cooling tower was 
selected as desirable to best meet the conditions existing at this 
plant, which were minimum floor space, and minimum weight, 
and a considerable elevation above floor level of engine room. 

The elevation and general view of the tower are shown in Fig. 
47, while Fig. 48 gives the interior arrangement of mats, ete. 


Details of Cooling Tower. 


The cooling tower is of the twin type, having two chambers, 
with a pair of fans supplying a strong draft of air to each cham- 
ber. The interior dimensions are 12 feet 3 inches by 18 feet 
by 29 feet 6 inches high. 

The tower is mounted on a substructure of steel columns and 
I beams, supported on substantial foundations. 

There are outside galleries and ladders affording convenient 
access to necessary points. 

The shell of the tower is of steel plate, properly reénforced 
with angle and channel irons. 

The hot water from the condenser discharge is delivered 
through a 10-inch wrought-iron pipe, extending the whole 
length of each chamber, and is slotted on top and perforated at 
the bottom, giving equal distribution to a series of distributing 
pipes extending across the tower, each pipe being slotted and 
perforated, thus insuring a very uniform distribution of water. 

Means are provided for cleaning these pipes, which is found 
necessary in cold weather, when the cylinder oil from the exhaust 
steam is liable to clog the pipes and interfere with the uniform 
and free distribution of the water. 

The hot water fallsfrom the distributing pipes over galvanized 
wire mats, arranged as shown in Fig. 48. 

Each mat is suspended by galvanized iron hooks, and is easily 
removed for cleaning or repairs. 

In actual service it is found that the water is uniformly <is- 
tributed. 

The circulation of air is furnished by two pairs of steam- 
driven fans, each pair of fans being mounted right and left on 
the same shaft, and the four fans being capable of delivering the 
necessary quantity of air when driven at a speed not exceeding 
150 revolutions per minute. 

The air entering the tower chambers at the lower section is 
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deflected vertically from each fan, thus avoiding cross currents, 
und affording a uniform blast upward and between the mats. 

The rated capacity of each section of this cooling tower is to 
cool the cireulating water needed to condense 12,500 pounds of 
exhaust steam, from an initial temperature of 132 degrees Fahr. 
to 80 degrees Fahr., when the atmospheric temperature does not 
exceed 75 degrees Fahr., nor the humidity 85 per cent. 


On account of suitable floor space for the cooling tower not 
being available near the ground level, it became necessary to 
mount it on a superstructure above the boiler room, the total 
elevation from the condenser to the discharge opening at top of 
tower being 58 feet. 

This elevation piaces more duty on the air pump than is 


desirable, but was unavoidable for the reasons stated. 
11 
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The circulating water is handled by a Blake vertical twin air 
pump and jet condenser (Fig. 50). Indicator cards showing the 
performance in the steam cylinders of the air pump are shown 
in Fig. 49. 

In an equipment of this kind it is very important to have 
facilities for driving the fans at variable speeds; this requisite 
flexibility has been obtained by using a small vertical engine, 
direct connected to the shaft of each pair of fans. 

The first intention was to drive the fans belted from electric 
motors. An analysis of all the conditions proved this method 


CARDS FROM 
BLAKE TWIN VERTICAL AIR PUMP. 
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undesirable for the reason that there would be too many trans- 
lating devices interposed between the live steam pipe and the 
shaft of the fan. These translating devices would have been as 
follows : 

The engine, the generator, the transformer to reduce the pri- 
mary current to secondary current for use on the motor, a motor 
with intermediate shaft, belting and pulleys to reduce the speed 
to the fans, and the losses in intermediate devices would more 
than overcome the original low cost of power. 

In this connection it must be remembered that two-phase A. 
C. current being the only kind available, there is a notable dis- 
advantage in the induction motor; that is, the speed is not 
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subject to wide variation, and ary special means of external regu- 
lation to vary the speed would tend to reduce the efficiency. It 
was, therefore, determined to direct connect with the shaft of 
each fan a vertical engine without a governor. This plan has 
proven to be exaetly what is required in practice, and, moreover, 
its first cost was only one-fourth of the cost of a motor equip- 


ment, with lower cost of operating expenses also largely in 
favor of the engine driving feature. 

Under varying conditions of temperature, the speed of the 
fans must be increased or decreased, according to high or low 
atmospheric temperatures. In winter there are many hours 
during each day when the low temperature of the air circulating 
through the cooling tower will cool the water for a partial engine 
load without running the fans at all. During high temperature 
in summer the fans must be run at maximum speed. 
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The following table, extracted from the log records for many 
months, shows details as to temperatures, speed of fans, reduc- 
tion of temperature of condenser discharge, ete. 

Table of extracts log-book showing te mi peratures, 


speed of funs, heat extracted through cooling ete, : 


Jan. 31. Feb. June2o. July. Aug. 26. Nov, 4. 


Temperature atmosphere............. 30 36 78 96 59 
condenser discharge water 
TOWOE 110 110 120 130 118 129° 
Temperature injection water returned 
Degrees of heat extracted by tower... 45 26 36 37 Bu aT 
Speed of fans at tower, R. P. M. ..... 6 0 145 162 150 148 
Vacuum at condenser, inches .... 254 26 25 24 25 25 
Temperature boiler feed ............ 212 212 210° | 211 213° 2138 


As previously noted, the Is} by 30 Buckeye engine was 
changed to a 14} and 25 by 30 tandem compound condensing 
engine by bolting new tandem cylinders on the existing frame 
and making necessary alterations in valve rods, ete. 

Specimen cards taken from this Buckeye engine after being 
compounded are shown in Vig. 51. In referring to these cards 
please note the following data : 

Revolutions, 137; steam pressure, 113 pounds ; mean effective 
pressure, 50.16 pounds; vacuum per gauge, 26 inches; horse- 
power developed in high-pressure cylinder, 163.42 ; horse-power 
developed in low-pressure cylinder, 168.48—total, 331.9 horse- 
power, and of this 90.52 horse-power is below atmospheric line. 
It will be noted that the work is divided almost equally between 
the high-pressure and low-pressure cylinders; all cards show 
similar results. 

This change in an existing engine clearly illustrates the 
advantage derived from the condensing system. This engine 
was fitted with a receiver and reheater between high and low- 
pressure cylinders; several tests were made, and representa- 
tive cards were analyzed to determine whether the reheater 
was of value, and as a result of these tests we found that the 
reheater condensation amounted to 63 pounds of steam for each 
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horse-power gained in the low-pressure cylinder. We therefore 
abandoned it as an expensive luxury. We are not now discuss- 
ing the value of reheaters, and for this reason I simply give the 
facts without entering into details. 

In addition to the tandem Buckeye engine, a tandem compound 


Fie. 51. 


condensing engine, 20 and 36 by 42 inches, 120 revolutions per 
minute, Corliss type, built by Pennsylvania Tron Works, was 
installed to drive a direct connected Stanley 500 kilowatts two- 
phase A. C. generator. This engine works fifteen to seventeen 
hours per day. Specimen indicator diagrams are shown in Figs. 
52 and 53, which clearly indicate the advantage of the condenser 
service. 

The usual work required from the cooling tower and con- 
denser varies from 7 to 17 hours per day. A notable record was 
made on August 2, 1898, when the run was from 7 a.m. till 12 mid 
night; and from the daily records the following data are extracted : 
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Maximum. Minimum. 

Temperature atmosphere. 103 83 
Temperature condenser Aedes water to tower...... 128 106° 
Temperature injection water from tower.............. 98 91° 
Degrees of heat extracted, by tower.... ......-.-++.56- 32 21° 
Speed of fans, revolutions per minute,..............66- 160 140 
Engine horse-power developed. 900 H.P. 400 HP. 


A continuous heavy load was carried during the entire 17 
hours’ run. This was not atest record, but simply daily service. 

Fig. 53 shows indicator diagrams taken November 5, 1898, 
from 20 and 36 by 42 tandem compound condensing Corliss 
engine. The conditions were as follows : 


Engine revolutions per Minute... 120 
The area of the cards shows the work done in high-pressure 


Work done in low-pressure cylinder below atmospheric line, 
185.1 horse-power. Simultaneously with the engine, the air 
pump and fan engines were indicated. 


The work done by the air pump.......... 13.75 HP. 
The work done by the fan engines........ 13.5 H.P. 
Total external work 27.25 H. 


The amount of work, if deducted from the work done below 
atmospheric line in low-pressure cylinder (¢.¢.,185.1 horse-power , 
leaves a net gain of 157.85 horse-power by the use of the con- 
denser and cooling tower. 

It will be noticed from the previous data that the feed water 
shows a temperature above 200 degrees Fahr. 

There are two feed-water heaters in connection with the con- 
densing plant. First, an intermediate tubular heater in the 
line of exhaust between low-pressure cylinders and condenser. 
Second, an auxiliary feed-water heater was also attached, re- 
ceiving the exhaust from the condenser and boiler-feed pumps 
and any other auxiliaries. 
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457 H.P. 
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Fig, 52 


CARDS FROM 
20"x 36"x 42" TANDEM CORLISS. 


281 H.P. 

4 
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The feed water is first heated in a tank that receives the ex- 
haust from the general line ot high-pressure engines. The feed 
water then passes through the intermediate heater, and thence 
through the auxiliary heater, and reaches the boiler at a tem- 
perature upwards of 200 degrees Fahr 


CARD FROM 
7’x 9” VERTICAL FAN ENGINE. 


Fia. 54. 


The pressure of other important work has prevented the 
writer from making accurate tests to determine the exact econ- 
omy derived from the condensing plant, and while awaiting the 
opportunity to make such tests, we have the satisfaction of 
having increased the station capacity about 1,000 horse-power 


with the aid of a condensing system, using the same water in 
continuous circulation, and also that the boiler plant, previously 
stated to be fully loaded, now supplies steam for this additional 
work, with boilers to spare. 


DISCUSSION, 


Mr. F. Meriam Wheeler.—The subject of cooling water by 
mechanical means for use in condensers is attracting considerable 
attention in this country and abroad. I regret very much that 
Mr. Vail has been prevented from being present, as no doubt some 
of the members would like to ask him questions. He writes me 
that pressure of time prevented him from making his paper as 
complete as he would like to have done in regard to the details 
of the cooling tower and pumping plant. He aiso says in his 
letter: “It may be of interest to the meeting in connection with 
the subject of my paper to learn that a few days ago the 750 
horse-power condensing engine, referred to therein, was operated 
at half load for four or five hours, at which time the fans in the 
cooling tower were vot in operation—the atmospheric temperature 
being from 38 to 40 degrees. We were able to carry a vacuum 
on the condenser of 26 inches. The heated injection water was 
pumped from the condenser to the tower at a temperature of 116 
degrees, and after passing through the cooling tower was reduced 


COOLING TOWER AND CONDENSER INSTALLATION, 169 


to a temperature of 90 degrees. ‘This we find is about the limit 
of load for the cooling tower when the fans are not in use.”’ 

Now, in regard to the Blake air pump used in this installation, 
and shown by Fig. 50, it is of peculiar construction—probably 
different from anything of the kind heretofore used. The design 
is quite novel, and is the first of its kind installed in this country. 
It is not only an air pump in connection with a jet condenser, but 
is also a water-elevating pump—that is to say, it elevates the 
injection water (after it is used in the condenser) to a height of 
about 58 feet; “e., the distance from where the condensing appa- 
ratus is located to the top of the cooling tower. ‘To use an 
ordinary air pump to lift to such a height would, of course, vitiate 
the vacuum very much, owing to the compression of the vapors 
in the air cylinders; furthermore, it would be a very expensive 
method of lifting the water. I never recommend an air pump to 
have more than 6 feet head over its discharge valves. In fact, I 
would prefer not to have more than 6 inches—-just enough for 
sealing the valves. 

The problem in this case was to operate an air pump and jet 
condenser in connection with a Barnard cooling tower, where the 
water had to be pumped to a height of 58 feet, without vitiating 
the vacuum, and yet have a fairly economical method of lifting 
the water to the elevation named. This problem was successfully 
solved in the following manner: I divided the pumping engine 
into two elements, 7. ¢., a so-called “ wet vacuum” air cylinder and 
a “dry vacuum ” air cylinder, the former taking solid water from 
the bottom of the condenser, while the latter pumped off the non- 
condensable vapors and air from the upper part of the condenser. 
The vapors and air as they pass to the dry vacuum air cylinder 
are cooled by a small jet of cold water (not shown in the engrav- 
ing) sprayed into the vapor pipe. I originally provided a 3-inch 
water connection for this jet, but it was found unnecessarily large, 
and was replaced by a 2-inch connection, the valve of which was 
only required to be open asmall amount. I mention this to show 
how little water is necessary to properly cool the vapors, the tem- 
perature of which was about 78 degrees at the discharge. 

By this unique arrangement of air pump we can hold as high a 
vacuum as 28 inches, and the report of last week’s ranning shows 
an average of 27-inch vacuum. The arrangement of the steam 
end, it will be noticed, consists of two steam cylinders, the same as 
used in the regular Blake vertical twin air pump arrangement, 
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together with two air cylinders, each of which is double-acting, 
to which the jet condenser and vapor pipe are connected as above 
described. It is surprising to note how much air comes off from 
an air pump—much more than the average engineer has any idea 
of. One of the troubles with engine builders and others is that 
they do not look more carefully for air leaks. Often an engineer 
will insist that everything is tight, while it is afterwards found to 
be the very opposite. An air pump of this kind is a telltale, as 
one air cylinder is employed solely to pump off the air and non- 
condensable vapors. 

Mr. Vail explains in his paper why the tower was placed at such 
a high elevation. Now, if the cooling tower was placed on the 
ground, the air pump would have had to lift only one-half the 
height, hence the indicated horse-power would approximate but 
half of what is shown. 

Mr. Rockwood.—Do I understand you, Mr. Wheeler, to say that 
these air pumps were vertical double-acting air pumps? 

Mr. Wheeler.—Yes, and in that respect they are somewhat 
unique. Heretofore it has been generally considered impossible 
to make an efficient vertical air pump of the double-acting type, 
and also one that would do as much work on the up stroke as on 
the down stroke. In this design I have solved that problem 
quite effectively. 

Mr. Rockwood.—And that 2-inch stream of water, was it all 
you let in the vapor pipe to make the pump work satisfactorily ¢ 

Mr. Wheeler —Yes. Iam sorry to say that I have no knowl- 
edge as to the actual amount of water. I simply repeat it was a 
g-inch valve partially opened, say about three-fourths of a turn. 
The amount of water used was certainly very small. 

The “ wet vacuum ” cylinder performs no other service than tak- 
ing water from the bottom of the jet condenser and forcing it to 
the top of the tower, and is supposed to travel full of water. Of 
course, if they allow the pump to run at a greater speed than 
necessary, the piston of the “wet vacuum” cylinder will leave 
the water. In other words, the cylinder will not fill completely, 
and not accomplish what was intended. It will be noticed that 
we have provided our safety float arrangement, which is enclosed 
in the round part projecting from the side of the condenser. This 
is for breaking the vacuum, in case of the condenser flooding, 
a feature which we apply to all our jet condenser air pumps, 
whether horizontal or vertical. In this particular case it inci- 
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dentally becomes a very good regulator for the speed of the pump, 
as the instant the water rises in the condenser above a certain 
height, it lifts the safety float, which, in turn, opens the little valve 
on the top of the casting. Of course, the inflowing air makes the 
vacuum drop off a little, and the load of the pump becomes less. 
The decreased load causes the pump to start off at a higher rate 
of speed, which is maintained until the pump increases the 
vacuum, and, consequently, the load. In fact, this device gives a 
perfect regulation for a vacuum pump of the direct-acting type. 
The steam, of course, must be kept at a steady pressure. The 
other pump cylinder, which we call the “dry vacuum” cylinder, 
takes the air and vapors from the top of the condenser, the same 
being cooled on the way by a small jet of water. This cylinder is 
also double-acting, and discharges into a tank, the air passing off, 
and the water utilized for feed or other purposes. 

Mr. Jesse M. Smith.—Where is that small jet applied ? 

Mr. W heeler.—Auywhere on the vapor pipe, usually nearer the 
air cylinder than the condenser. 

Mr. F. A. Halsey.—Why not take that jet from the injection 
water and be done with it ? 

Mr. W heeler.—1 do not quite understand you. The injection 
water is sprayed into the condenser through the inside adjustable 
cone, then falls to the bottom and is pumped off by the “ wet 
vacuum ” (water) cylinder, and forced direct to the cooling tower. 
The non-condensable vapors and the air are taken off from the 
top of condenser by the “dry vacuum ” (air) cylinder As I be- 
fore remarked, the air in the vapor pipe is cooled by the small jet 
of cold water, hence there is no necessity of any connection with 
the regular injection connection. It is preferable to get the coolest 
water possible. In fact, the cooling jet in this installation is taken 
from the city main, and consequently is quite cool, whereas the 
injection water coming from the cooling tower, as shown by Mr. 
Vail’s record, is from 80 to 90 degrees temperature. I hope I 
have made this matter perfectly plain. 

Mr. William Kent.—Wouldn’t it be just as well to use the 90- 
degree water in this secondary (vapor) pipe, for the reason that 
the vacuum is limited by the temperature of the water in the water 
cylinder—that you cannot get any more vacuum ? 

Mr. Wheeler.—It is very natural they should desire to use 
as little water as possible in the vapor pipe, hence taking it from 
the coolest source available. About twelve years ago I made 
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some very interesting tests in connection with my surface con- 
denser, and I found that if I separated the vapors from the con- 
densed steam and cooled them down to a low point, I secured a 
better vacuum than is usually obtained under ordinary practice. 


Mr. AKent.—It seems to me, in the jet condenser chamber, if 


you had the water coming in at 90 degrees, and going out at 120 
or 140 degrees, that you cannot get any higher vacuum than that 
due to the temperature of the outflowing water, no matter how 
much you cool the vapors afterwards. 

Mr. Wheeler.—You are quite right, but in practice air pumps 
and condensers, as usually constructed, rarely give a vacuum due 
to the temperature of the discharge water. Referring to last 
week’s log, just received from the electric light plant Mr. Vail 
refers to, I notice that at 7 p.m. on November 21st the vacuum 
was 27} inches, while the temperature of the water discharged 
by the “ wet vacuum ” cylinder of the pump was 110 degrees. : 

I also understand the temperature of the air discharged by the 
“dry vacuum ” cylinder was about 75 degrees. The temperature 
of the injection water was 80 degrees, and the temperature of the 
outside atmosphere 49 degrees. 

Now please note that the temperature of the discharge water 
was moderate enough to hold the high vacuum recorded, in fact 
was close to ideal conditions. 

Mr. Kent.—A temperature of 110 degrees would hold that any- 
yay. If you cooled that vapor down to 40 or 50 degrees it would 
not have helped things. 

Mr. Wheeler.—No. It wouid not, but please keep in mind the 
fact that in practice rarely, if ever, are perfect results secured. 
As you know, pumps and condensers, as ordinarily used, average 
about 25 inches of vacuum. Theoretically this vacuum means a 
temperature of about 134 degrees for the discharge water. Asa 
rule the average temperature in a hot well is about 110 degrees 
—quite a difference. Now, where we can separate the air from 
the water we make the latter more efficient. In the so-called dry 
vacuum leg pipe condensers, commonly used in connection with 
vacuum pans (whether on the parallel or countercurrent system), 
the air is cooled and pumped off by a separate pump, and by so 
doing they almost secure ideal results. Of course, the higher the 
temperature of the discharge water for a given vacuum, the smaller 
the amount of water used. As you can readily appreciate, with 
the cooling tower system it is very important to handle as little 
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water as possible. The design of the particular air pump used 
by Mr. Vail was to meet the demand for a compact and economi- 
‘al pumping plant that would lift the condensing water to a high 
elevation and yet maintain « first-class vacuum. 

Mr. Bole-—Why not make a connection from the float in the 
condenser to the steam throttle valve of the air pump, so as to 
control the speed and run faster when necessary, without break- 
ing the vacuum. 

Mr. Wheeler.— Yes. That arrangement I think would work 
very well, but the arrangement we have is simpler. The very 
minute the little valve is opened by the float, the vacuum is re- 
duced, and the pump speeds up to carry off the water. The 
pump is therefore made self-regulating. 

Mr. Rockwood.—What happens to the lifting pump when it 
pumps the condenser dry ? 

Mr. Wheeler.—When it pumps the condenser dry, it would lose 
its speed more or less. 

Mr. Rockwood.—\ did not mean actually dry. I mean so that 
it is not taking a full eylinder of water every stroke. 

Mr. Wheeler—It would then act like any direct-acting air 
pump. 

Mr. Rochavood.— Won't it slam ? 

Mr, Wheeler.—Yes, and it would act in that manner. That is 
why we have the regulating device described, and it keeps the 
eylinder full of water. Otherwise it would slam the same as any 
pump with its suction pipe throttled so that it did not get a full 
supply of water. 

Mr. Jesse IT. Smith Why did they use a jet condenser instead 
of a surface condenser in this installation ? 

Mr. Wheeler.—It is quite natural you should ask that question, 
for had the surface condenser system been used, they would have 
had the advantage of the down column of water to balance the 
up column, and therefore they would only have a load due to the 
friction in the water pipes, and the condenser tubes, plus the head 
due to the height of the cooling tower itself, which latter is usu- 
ally about 35 feet. In other words, instead of having it pump 
against a head of 58 feet plus friction in the water pipes, their 
load would have only been equal to a head of 35 feet plus the 
friction in the water pipes and the tubes of surface condenser— 
quite a difference. [imagine the reason for not using the sur- 
face system in this case was the fact that they could not go to 
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the necessary expense on account of a limited appropriation. 
In the arrangement of the air pump and condenser described I 
did my best to solve the problem of lifting the water with one 
and the same pumping machine, with the least cost of power and 
without vitiating the vacuum. 

Mr. Smith.—Then in your practice you prefer the surface con- 
denser for cooling towers ? 

Mr. Wheeler.—Every time—it is an ideal plant for this kind of 
work. There are two installations of this type at the Edison 
Company’s Twelfth Street station in this city, where the cool- 
ing towers are placed on the top of the building, and although the 
elevation is very high (the pumps and the surface condensers 
being in the basement), the power required to elevate the water 
is very little. Large pipes were used for both the up and down 
columns, reducing friction to a minimum. 

Mr. Kent—What would Mr. Wheeler think about the oil from 
the engine in connection with surface condensers ? 

Mr. Wheeler.—That is where the surface has the advantage 
over the jet in this cooling tower system, as you can do what you 
like with the water of condensation. You can go to the trouble 
of filtering this water for feeding to the boilers, or you can utilize 
it by allowing it to go to the cooling tower for condensing pur- 
poses, or, if desired, this condensed steam can be allowed to go 
to waste. 

Mr. Kent.—It costs more for water, though, if you let it go to 
waste. 

Mr. Wheeler.—Of course, tliat stands to reason. In this cool- 
ing tower system, as you perhaps know, the evaporation going on 
in the cooling tower is less than the amount of water fed to the 
boilers, so there is always a surplus to overflow. 

Mr. Kent.—Some years ago we discussed the question of feed- 
water filters, and came to the conclusion that there were no good 
ones. Can you say whether there are now any satisfactory filters ? 

Mr. Wheelev.—I can answer that by saying: If parties will go 
to the expense of putting in a proper filtering plant there is no 
trouble at all about satisfactorily filtering feed water from surface 
condensers. There is a large electric light and power plant in 
Chicago where they have been using feed water from surface con- 
densers for over six years, and have had no trouble whatever with 
their boilers; they were willing, however, to invest enough to pro- 
vide filters amply large and properly constructed. 
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Mr. Smith.—What kind of filters did they use ? 

Mr. Wheeler.—They are of the quartz or gravel system. True 
they are quite elaborate and require considerable room, but they 
get the desired result and save large water bills. The trouble 
with most installations of filters in this country, at least in sta- 
tionary engine practice, is that they have not been willing to 
provide filters of suitable size and construction, and the attend- 
ants have not given the proper care and attention. i 

Mr. Kent.—Have you had any experience with the Turkish 
towel system of filters ? 

Mr. Wheeler.—Yes. 

Mr. Kent.—Is it good ? 

Mr. Wheeler.—This system is more adapted for marine service, 
where room is limited, and it needs considerable attention. Such 
filters require to be cleansed every day. There are several filters 
in the market of this kind, and they are nothing more or less than 
strainers of cloth, or other fibrous material. They are usually 
arranged for a reverse current of steam for cleaning them. The 
White Star boats, in fact most of the transatlantic steamers, are 
provided with such filters. Sometimes they first take the feed 
water through filter tanks having coke, sponges, salt, hay, “ex- 
celsior,” or something of that kind, after which the feed water is 
passed through one of these towel filters. The Edmondston filter 
is probably the most successful abroad. In this country the use 
of filters for stationary engine practice has been so far rather dis- 
appointing. The average stationary engineer now being familiar 
with the use of feed-water filters, has not done them justice, and 
then again such filters that were installed of the Edmondston 
type were too small for stationary use. That is to say, for the 
same horse-power the filter for stationary use ought to be larger, 
and then it requires less attention. In order to use condensed 
steam from surface condensers, you must first have a good- 
sized filter, properly constructed and fitted. Even then do not 
try to save all your feed water. Be satisfied with saving, say, 
three-fourths of it; then clean your boilers at least once a week, 
filling up with fresh water each time, and when starting up a new 
plant do not try to use your feed water from condenser—just wait 
a few weeks. When an engine is first started up, we all know 
that oil is used very liberally, especially if it carries heavy loads 
in the beginning. This excess of oil chokes the filters; trouble 
with the boilers immediately ensues, and the system is promptly 
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(but unjustly) condemned. Now, if there was a little intelligent 
care at the start not to use the water from the filters until the 
cylinder and valve surfaces of the engine were in good condition, 
then all would go well. After that, it should be looked to that a 
minimum amount of oil is used. Engineers, as a rule, use more 
oil than they need to, and as to quality—the oil is frequently not 
fit to be used in an engine. If it were possible to use no oil at all, 
then we would have an ideal arrangement. By the way, I under- 
stand that there are many cases now where, in marine practice, 
no cylinder oil whatever is used—of course in such eases the 
engines are vertical. The auxiliary engines on many of the war 
vessels are also run without oil, and we are now building vertical 
steam pumps for torpedo boat practice, to run without oil—the 


same as with the main engines. Where room is so yery crowded, 
as in the case of a torpedo boat, it is a great thing to be able 
to do away with feed-water filters. 
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DCCXCIX.* 
THE THEORY OF THE MOMENT OF INERTIA. 


BY C. V. KERR, CHICAGO, ILL. 


(Member of the Society.) 


Four years ago the writer presented to the Society a paper 
with this title.+ Further consideration of the idea involved has 
furnished material for a more complete and useful expression 
of it. To offer that is the purpose of the present paper. 

To avoid reference that may be inconvenient, the fundamental 
notions underlying this particular theory will be briefly re- 
stated here. Considering force as an action between two bodies 
tending to cause change in their relative rest or motion, assume 
the unit to be that foree which, acting for one second on the 
unit quantity of matter, the standard pound, imparts to it a 
velocity of one foot per second. Since the attraction of gravity 
would in the same time impart to the standard pound a velocity 
of g feet per second, it will equal y units of force. The unit 

16 
q ~ 32.2 
4 ounce, nearly. The unit thus defined has been called the 
“poundal,” and corresponds to the “dyne” of the metric system, 
which, acting for one second on a gram of matter, imparts to it a 
velocity of one centimetre per second. 

To impart unit velocity to w pounds will require w poundals 


force is, therefore, equivalent to a pull or push of 


=m pounds. Mass, therefore, is the measure of the pull 


or push in pounds required to impart unit velocity in one 
second to w pounds of matter. To impart to this body in 
one second a velocity of v feet per second would require a pull 


0 


or push of 7 oor pounds. J/omentum, then, is a measure 
( 
of the force required to impart to w pounds a velocity of v feet 


* Presented at the New York meeting (November, 1898) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the Transuctions. 
+ ‘*On the Theory of the Moment of Inertia,” vol. xvi., p. 477, No. 629, 
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per second in unit time. Since a moving body coming to rest 
under the action of a constant force passes over a space equal to 
one-half its initial velocity, the work done on it by the retarding 
force will be force x space = mv x $v = § mv’, the expression for 
the kinetic energy of the moving body measured in foot-pounds. 
Inertia is a property of matter enabling it to resist a change 
of condition as to rest or motion. In case a moving body 
imparts motion to a body at rest, inertia supplies both the 
acting and the resisting forces—the action and the reaction, 
always equal and opposite. And like energy, or capacity for 
work, which is indefinite until measured in foot-pounds by force 
through space, inertia is not a fixed quantity, but varies with 
the amount of matter and the gain or loss of velocity per 
second, Momentum is the measure of the inertia developed. 


F=mvr 
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To avoid an oversight made by some readers of the former 
paper, v will represent linear velocity in feet per second; a, the 
linear acceleration or change in linear velocity per second ; @, 
the angular velocity of a revolving body measured in feet per 
second on an arc of one foot radius ; a, the angular acceleration 
or change in angular velocity per second. Now, a may be equal 
to, greater, or less than v; and similar relations may exist 
between and. Finally,a=ar andv=@r. 

The moment of a force, F’, in Fig. 55, at the end of a lever arm, 
r, is measured by th» product /’. 7, expressed numerically as 
inch-pounds or foot-pounds. Consider a quantity of matter, 2, 
concentrated at the distance r from an axis at 0, whose velocity 
of v feet per second is to be destroyed in one second. Then 
its momentum, mv, will be the reaction to the force /, and its 
moment about o will be mv. 7, which is equivalent to placing 
a single force, / = mv.r, at unit distance from 0. Hence we may 
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say that the moment of inertia of the body w is equivalent to 
a force, mv, acting at a given distance, 7, from a centre, o ; and 
that it is expressed in inch-pounds or foot-pounds as convenient, 
which may consequently be simply added or subtracted. Here 
the change of velocity, or acceleration, is v = w 7 feet per second, 
and may be replaced by a = a r, which represents an accelera- 
tion of any magnitude, and will hereafter be used. 

If a body of any form be given a rectilinear acceleration, each 
one of an indefinite number of parallel forces, // in Fig. 56, acting 
on a particle of matter, dm, will have a moment about an axis, 0, 
of df - x = dma x, and the distance from the axis to the result- 
ant of accelerating forces will be 

Sdmax 


F=fdma * (1) 


of 


C.V.Kerr 


Fie. 56. 


This point may with propriety be called the “ centre of mass” 
when considered in connection with mass and acceleration. It 
will in general coincide with the centre of gravity, with the dif- 
ference that for a given position of the body the resultant, WW, 
of the gravity forces must act in one direction, while the result- 
ant, F’, of accelerating forces may have any direction. For con- 
venience, however, and to conform to custom, an axis through 
this centre of mass will be called a “ gravity axis.” 

Before considering the moment of inertia in its more general 
form, it will be of interest briefly to discuss the rotation of a body 
about a free axis. If we assume a body of any form, as in Fig. 57, 
to be rotating about a free axis at o, then any small portion will 
be acted on by two forces: first, the accelerating force, /’, which, 
if directly applied as represented, will be balanced by the inertia 
force, /, and hence will not produce a reaction at the axis o; 
and, second, the centrifugal force, C, acting radially and balanced 
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by the centripetal force, C), or resistance of the axis. Its value 
is measured by m «7, the usual expression for centrifugal force. 


Now, a free axis is not supposed to be held or supported in any 
way, so that, if the axis o is to remain in one position while the 
body rotates about it, the algebraic sum of the forces m « r must 
be zero ; or, in other words, the centrifugal force of each particle 
must be balanced by an equal and opposite force on the other 
side of the axis. The axis should, therefore, pass through the 
centre of gravity of the body; and for the greatest stability of 
rotation the direction of the axis should be such that the arith- 
metical sum of centrifugal forces is a maximum. ‘The reason is, 
that each particle under the action of centrifugal force seeks the 
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farthest possible position from the axis. This corresponds to 
the condition that the most stable position for a body supported 
at rest is that for which the centre of gravity is lowest. 

If abody, A, be revolved about an axis, 0, as in Fig. 58, through 
the positions 1, 2, 5, 4, 1, it will take in suecession during a revo- 
lution all possible positions relative to the axis in the initial 
position ; in fact, a revolution in the same time and direction. 
and with the same changes in angular velocity about a gravity 
axis parallel to the axis at 0, will be made. If the body is not 
constrained to rotate about the gravity axis, it will remain par- 
allel to the original position while revolving about 0. 

To ascertain the forces required to accelerate a body of any 
form about an axis, 0, as in Fig. 59, and the moments of these 
forces, consider first the couple, //,, required to rotate about its 
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centre of gravity each elementary mass contained between two 
planes parallel to the axis o and separated by an infinitesimal 
distance. The resultant of these couples, /;,, will rotate the 
body as a whole about its centre of gravity. And second, the 
force d/,, applied directly at the centre of the elementary mass, 
produces the acceleration about the axis o. The resultant, /», 
acts at the centre of mass of the body. The moments of these 
forces will be d/,-y for the elementary mass, or /y-f for the 
whole body; and @/ (D — «) for the elementary mass about 0, 
or Fo- 1) for the whole mass. 

In more distinctly mathematical language, let /) be the dis- 
tance from the axis v to the centre of gravity of the body, « the 
distance from the centre of gravity to the elementary mass, y 


de -r- — >| 

C.V. Kerr 
Fig. 59. 


the arm of the elementary couple, / the total accelerating force, 
and J the total amount of inertia of the body. Then, F’= 


+ df, =2 | dm ay + | dm a(D + x)= 2] dm ay + 2 {dm ax 


+ [dm aD= 
May+Maz+MaD,..... (2) 


in which y and x are the distances from the gravity axis to the 
centres of gravity of the body if the whole mass were first pro- 
jected on the vertical and horizontal planes through the gravity 
axis and then revolved to the positions (@ )” and GX, as shown in 
Fig. 60. But May and Maz represent two forces at right angles 
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to each other which may be replaced by their resultant, Wa R, 


where 2? = 4/2 + 7°. Moreover, /a ? is the minimum force 
Y 


to produce the required acceleration about the gravity axis, 
while / a PD is the force required to accelerate the whole mass 
about o if concentrated at the centre of gravity, (7. Hence, 
equation (2) may be written : 


F = Fq + Fo = M a R + M a D . « «= (3) 
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Now the moments of the accelerating forces will be J = 


| df, (D + x) =| dm ay? + a +2 [dm a Da + 


Jam at =: [am ay + [am ag’ + [am «a J’, the term + a Dr 


dropping out, as it represents two equal and opposite moments. 
If ) = 0, so that the axis at o coincides with the gravity axis, 
then 


I= [am ay + [am 


in which the term [am ay? measures the moment of the forces 
rotating about the gravity axis, the whole mass considered pro- 
jected on a vertical plane, while [am axis the corresponding 


moment for the whole mass projected on a horizontal plane. 
The general equation of moments about an axis, 0, may then be 
written : 


I= | am ay? + [am ax + am (5) 


« 
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If the total moment of inertia be divided by the total acceler- 
ating force, the result is the arm, /, of a single force having the 
same moment; that is, 


J I 

~F FotMaDdD***** 

It has been shown that the moment of inertia of a body may 
be measured by a single force, /, placed at unit distance from 
the axis; and, since a body with angular velocity, , will move 
over a space $ in coming to rest in one second under the action 
of a constant force, the work done in stopping the rotating body 
is measured by 


in which F is the kinetic energy in foot-pounds of the rotating 
body. 

Again, since the moment of inertia is measured by a single 
force at unit distance from the axis, there is evidently a distance 
at which, if all the mass were concentrated in a single material 
point, the moment of inertia would be the same. If A be such 
a distance, then the accelerating force would be F = Ma K, 
and its moment would be J=./akK.K. So that, from equa- 
tion (5), 


MaP= Ma KR’, (8) 


the value of A may be obtained. This distance is usually called 
the “radius of gyration.” For the particular case when the 
axis passes through the centre of gravity, D =o and Ma K? 
= lg. This value of A will be known as k ; that is, 


A simple pendulum is by definition a single heavy particle vi- 
brating at the end of a suspending cord without weight. Such 
a pendulum of weight, W, is represented in Fig.61. The compo- 
nent of gravity producing acceleration about the axis o is W 
sin #, which is balanced by the inertia force, Was. For a 
small are of vibration, the time of oscillation of a simple pendu- 
lum is found to be 


yk 


| 
4 
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where ¢ is the time in seconds required for the pendulum to 
swing from one extreme position to the other. 

In distinction from this form, a compound pendulum may be 
any rigid body arranged to oscillate freely about a horizontal 
axis, as o in Fig. 62. The sum of the gravity forces accelerating 
the individual particles of the distributed mass will be IV” sin 
acting at the centre of gravity, G. Now, this force produces the 
rotation of the body about the gravity axis as well as about the 
axis of suspension, o. Its moment about that axis must, there- 
fore, be equal to the moment of inertia of the body; or, W sin 


C.V. Kerr 


Fia. 61. Fie. 62. 


6. D=Iy+MaW*. For the simple pendulum, where s = D, 
W sin 0= M as; and, multiplying by D, W sin6. D= Mas- D. 
Therefore, 


Wsin6-D= Mas-D=Ig+MaD,. . (Al) 
from which 


Iq + Ma PP Mak + Ma BP 
MaD 


This is the length in feet of a simple pendulum that will oscil- 
late in the same time as the given compound pendulum ; and 
this length is not dependent on mass or acceleration, but simply 
on form and the distance between axes. It is of interest to note 
here the limits of s under variation of D. Making s a function 
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of D in the first and last members of equation (12), and differ- 
entiating for a maximum, 

ds 2D? — (kh + 

= —— 

D 


from which D = k, and therefore 


j » 


ke 
If D be made to increase, p=” finally, and s = @, or the 


“centre of oscillation” coincides with the centre of gravity. 
If )) be made to decrease from )) =k, the result is finally 


s= =@. The corresponding limits to the time of oscil- x 
0 
lation will be for the minimum, ¢ = z { / = 7 and for 
/ 
the maximum, ¢= 7 q =: Further, from equations (8) 


and (11), Ma K*= lg + Mal? = PD, from which 


In other words, the radius of gyration is a mean proportional 
between the length of the simple pendulum and the distance 
from the axis of suspension to the centre of gravity. 

There is a point in a moving body at which a single force 
acting in the direction of motion may be applied to stop the 
body without shock on the axis, or a tendency to disturb the 
rotation. This point is called the “centre of percussion.” 
Now, the force required to stop a body having a simple motion 
of translation will be # = J/a, applied at the centre of mass. 


If the body be revolving about an axis, the corresponding force 


"= Ma PD applied at the centre of mass will not answer, because 
it does not affect the rotation about that centre of mass. The 
angular acceleration and velocity are the same for a revolving 
body about the gravity axis as about the axis of revolution. 
Hence the force must be of such a magnitude and so placed as 
to destroy the two components of the motion of revolution at 
the same time. Thus in Fig. 63 is represented a body of any 
form revolving about an axis, 0, which may be replaced by the 
force, Fo, producing rotation about o of the mass considered as 


ALS 
at 
in 
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concentrated at the centre of gravity, (7, and by the couple, /4, 
producing rotation of the distributed mass about the gravity 
axis. So far as the force /o = Ma/V/ is concerned, it may be 
balanced by an equal and opposite force, the inertia of the mass 
concentrated at G; but the couple /y can tlfeoretically be bal- 
anced only by another couple of equal moment—not necessarily 
of equal force and lever arm. However, by putting in a force, 
fo’, equal and opposite to the single force, /o, with a suitable 
arm, », a couple may be formed equal to /y. This latter couple 
is of such magnitude as to produce an angular acceleration 
about the gravity axis exactly equal to the acceleration about 
the axis o effected by /o. Since couples of equal moment will 


| 
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do the same work, the value of the lever arm, p, will be deter- 
mined by the equation of moments /o'-p = /g-/, from which 


Ig Mak _ 


P= MaD~ D (15) 
Consequently the distance from 0, at which Fo’ is applied to 
stop the rotation without shock, will be 
P=p+D=" 
This result is the same in form as the value found for s; and 
the limiting conditions are the same. Hence it is usual to say 
that the centre of percussion is identical with the centre of 
oscillation. But the results from assumed conditions are sus- 
ceptible of very different meanings. Thus, if /) is large, the 


term bad is a small part of the value of 7. For this reason 


D 
sledge-hammers have a long handle and a concentrated mass, so 


@ 
Fo 
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that when a blow is struck the centre of percussion coincides 
closely with the centre of gravity of the head. When )=o, 
P=, the motion becomes simple translation, and the centre 
of percussion coincides with the centre of mass. The limiting 
condition /) = i has no special significance beyond making the 
minimum value of /?. But if /) is made small, the anomalous 
result is soon reached of finding the centre of percussion out- 
side the body. Finally, if =e, =a. The apparent in- 
congruity of this case simply indicates the limiting condition at 
which the transfer is made, for example, to a disk or cylinder 
rotating about its axis, as in Fig. 64. Evidently, no single force 


C.V.Kerr 
Fig. 64. 
can be applied that will stop the rotation of the body without 
reaction at the axis. But any couple, /, of moment 7’-2r 
= Fy-h= 1g will do so; and that is true even if 7:27 = 0-20, 
which marks the exit from the incongruity. 

In the usual sense, tle term “ centre of percussion” can be 
used only in cases where it would refer to a single point within 
the limits of the body. There are, however, in the disk rotat- 
ing about its gravity axis two points which, if used simultane- 
ously, are true centres of percussion. These points coincide 
with the points of application of the resultant forces forming 
the couple /y, whose moment /y-/ = /y, for this couple imparts 
or destroys angular acceleration without reaction at the axis. 
For rotating bodies of such form that the quantities may be cal- 
culated, this point may be found by dividing the moment of in- 
ertia about the gravity axis by the resultant accelerating force; 
thus, 
lg Mak 
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MOMENT OF INERTIA. 
The fact of coincidence of the centres of percussion and oscil- 
lation makes it easy to determine the various quantities for a 
body of any form experimentally. By determining the time of 
oscillation of the body used as a compound pendulum, equation 
(10) gives 


(18) 


in which the constant, 3.26, is the length in feet of the seconds 
pendulum. Then from equations (9) and (11), having found )) 
by balancing the body on a knife edge, Ma D-s = lg+ Ma Wl’, 
or 

(19) 


and 


| 
| 
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Then, knowing 7y, the moment of inertia about any other axis 
parallel to the axis of oscillation used to determine / may be 
calculated, since + Ma/J*. And, finally, /? = s and A = 
Vi? + 2. The time of oscillation does not lead to locating the 
centre of percussion for a body rotating about the gravity axis ; 
but this is not essential, since any couple of moment equal to 
/; will stop or start the rotation without shock or reaction at 
the axis. 

For those conditions under which the centres of oscillation 
and percussion coincide, those centres are interchangeable with 
the axis of rotation. Thus in Fig. 65, which represents the 
centre of gravity of a compound pendulum at G, while the axis 
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of suspension is first at 7, and then at «= D* and s, 
| 1 ’ 
= + + =e 9 
/ je D dD / D (21 ) 


Another point in theory should now be considered. Assume 


a disk of thickness / and radius 7 to rotate about an axis ( per- 
pendicular to the plane of the disk at its centre, as in Fig. 66. 
Then the force required to accelerate an element of the mass 
will be df = dm ay, and the moment about G will be df-p = 


dim a : dl. Then / - dim — T al dui 


a Ir 4 ly sinee a? 4 = pr. This is usually 


called the “polar moment of inertia,” and is apparently equal 
to the “sum of the rectangular moments of inertia about any 
two axes of the plane figure which intersect at right angles 
in the given point.” But this can be true only of a disk of 
infinitesimal thickness; for, if the thickness of the disk be in- 
creased so that ¢ becomes the length / of a cylinder, the moment 
of inertia about the axis of the cylinder would be equal to twice 
the moment about a diameter at the end. But that cannot be 
true, since the polar moment increases with the length, while 
the rectangular moment increases with the square of the length. 
The proposition is more evidently untrue in the case of a sphere, 
where the moments about all diameters are equal. 

A correct relation may, however, be found between the so- 
called “polar” and “rectangular” moments of inertia. In Fig. 
66 the accelerating force 77 may be replaced by its components 
d7,=dmay, and df, =dmae. Then the moments of these 
forces, both of which cause rotation in the same direction about 
will be dl df, df, dm a dm dm a 


But the [idm ay will be the moment of inertia about ( if the 
whole mass were projected on a thin plane, }” )”', through the 
geometrical axis (7, while the |Z « 27 is the moment about @ of 


the mass projected on the plane A.V'. These planes are indi- 
cated by the heavy lines in Fig. 66. They are at right angles to 


4 


| 
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each other and their intersection is the axis (, about which 
both rotate in the same direction. In this sense the general 


equation / = | dn ay 4 | din aa + aw shows that all 


moments of inertia are “polar moments.” 

Thus far, the body considered has been constrained to rotate 
about the gravity axis in the same manner as about the parallel 
axis 0; so that the factor of acceleration in the general equa- 
tion lg + = Mak’ + Ma has been common to all 
the terms. But the mechanical arrangement may be such that 
the acceleration about the gravity axis will not be the same as 
about the axis of revolution. For instance, if the body be car- 


C.V.Kerr 
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ried by a frictionless axis through the centre of gravity parallel 
to the axis », then /y = 0,and J/= Ma J. Or, the arrangement 
may be such that the acceleration about the gravity axis may 
be greater or less than the acceleration about 0. A notable ex- 
ample is the action of a shaft governor weight during a change 
of load. For such cases the general equation must be modified 
so that 7 = Mak’ + Ma,D*, and the various dependent quanti- 
ties computed accordingly. 

In the reduction of formulas to numerals, many mistakes are 
made on account of the variety of units of measurement in use. 
It will not be out of place, therefore, to consider here the effect 
of certain combinations of these units applicable to the equa- 
tions derived. Thus, since we?git is the product of the volume 
of the body by the weight per cubic unit, it will be the same, 
expressed in pounds, whether dimensions are in feet or inches. 


Y 
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a x 12 


Then Y= Mak = Ma= Weight x in feet W x 


qx 12 
= Wx -, inineches. Hence, the accelerating force is the same 
in pounds for all dimensions in inches or all in feet. Again, 


{i=F-P= 7 


x P, in feet = Wx x 12/7’, in inches. 


Hence, if all dimensions are in feet, / is a moment in foot-pounds ; 


if in inches, / is in inch-pounds. 

In illustration of the application of these principles to a par- 
ticular case, assume a solid cylinder of length / and radius 7 to 
be revolving about an axis o distant // from the parallel gravity 


2 


Kerr 
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axis G, as in Fig. 67. The mass of the eylinder will be 
M = 6zr/, in which 6 is the mass per cubic unit. « is by 
inspection }/. To obtain y, resort must be had to the equation 


of moments by weight, W- =| dw-y = 2u IG — dy = kur’, 
0 


in which Wis the weight of half a circular section of thickness 
7] 
Ww 


dz, and wu is the weight per cubie unit. Then » = 


2 3 
4p 
=, The resultant accelerating force will be 

Om 


F=MaR+ MaD=Mave MaD 


= (=) + Ma JD, 


The moment of this force, which is equal and opposite to the i 
moment of inertia of the body, will be 


¥ 
— 
| 
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T= [din ax 4 | dma y 4 dma IP 


=%darr | + 40a/ | r— yyy “dy +2 dan rl | a 
i's + 4 + dana rll 
= qs Mak + } Mar+MaPy= ly +t Mal]. 

Of. these terms, ;'y J/a@/ represents the moment of inertia 
about the gravity axis if the whole mass were projected on the 
rectangular section of the cylinder made by a plane passing 
through the axes @ ando; | J/a@7* represents the moment of 
inertia of the whole mass projected on the circular section at 
right angles to the axis of the cylinder; and the sum of these 
two moments in planes at right angles to each other intersecting 
in the gravity axis is the true polar moment, /7, about the gravity 
axis. And J/a/* is the moment about v of the whole mass 
concentrated on the gravity axis. 

The distance from the axis v to the centre of percussion will be 
Ly MaP+14Mar jst” + 4r 
dD 


which in this case coincides with the centre of oscillation. The 


time of oscillation may be found by the formula ¢ = 7 \/ in 
¢ 

which s is the distance from the axis 0 to the centre of oscilla- 

tion, or length of the corresponding simple pendulum. 
Assuming the cylinder to be of cast iron 18 inches diameter 

by 30 inches long, with its centre of gravity 24 inches from the 

axis 0, and that the accelerating force is to increase the speed 

450 

33.2 

0.75" x 2.5 = 61.74 pounds. = 272 =2x7 x 3= 18.85 feet per 

4; 4 x 0.75 


second. «= 0.625 foot. y= > = 0.318 foot. 
3a 


of rotation three turns per second, then J/ = 67/*/ = 


R= Ve + = V0.625' + 0.318 = 0.7014 foot. F= Mah + 
Ma D=61.74 x 18.85 x 0.7014 + 61.74 x 18.85 x 2— 8163 


2327.6 = 3143.9 pounds. Ma? +} Mar = |, x 61.74 

x 18.85 x 2.57 + 1 x 61.74 x 18.85 x 0.75° = 606.15 + 163.66 = 

769.8 foot-pounds. J= ly + Ma = Jy + 61.74 x 18.85 x 2 
Iq 


= 55.2 = 5425. . = 
1698 + 4655. 5425.0 foot-pounds.  s D 


w 


: 
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769.8 la 769.8 
+ 2=0.33 + 2.00 = 2.33 feet. Pa: - = 
2327.6 I~ VaR 8163 
2.33 
0.94 foot. ¢= 9° 0.847 second. 


For convenience of reference and for the sake of determining 
what quantities connected with the more commonly used solids 
would be useful in tabular form, the essential equations are 
grouped as follows : 

The resultant accelerating force / = + Ma 


MavVvx 4 y MalD. 


The moment of inertia about the gravity axis, /7 = | dm ax 


4 | dmay? = M ak? ; from which /* = , or the radius of gy- 


ly 
Ma 
ration, k = Vlg + Ma. 

The moment of inertia about any axis parallel to the gravity 
axis, / | din aa” 4 | dm ay 4 | dma ITP = Ig+Ma P= 
Ma(P+ P)\=Ma k’. 


The distance from the axis of suspension to the centre of 


oscillation, s I -D= + D), which is a minimum for 


Mad D 
p= &, 


The distance from the axis to the centre of percussion, /? = s 


( ° 
ig , for rotation 


3 


for rotation about the axis o; but /? = 


about the gravity axis. 

The radius of gyration about any axis parallel to the gravity 
axis, A? + P?=D-s, or K= VRP + 

The time of oscillation of any solid as a compound pendulum, 


Inspection of these equations shows them to be made up of 
the fundamental quantities, J/, x, y, /y,/°, together with a and J), 
which are usually given. Hence in the table herewith only 
those quantities are given for the more useful elementary forms 
of solids; for by combining these, the desired quantity for a 


very large number of special cases can readily be obtained, 
13 


: 
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| Gravit 
Mass of Solid 
3 V = Force Axis toCen- 


ty Ma (17 +0?) 


1/2b—t,20, M 


Mya 
H24(2) — (b,2 
| 4 — 
M=M,— M, | Moa, 
t; by | ul 
b,? M,e (72472) — (1,2? + ]2) 
tb—t,h, 12 12 
4r 
Mar? 
ir }Mart+ 
3a 
{ a Mal? 
(M, r?— Mg 1,7) +4 
M=M,—™, 
4 r—r,3 a Ma 7? 
an 72 4 + 12 
(c.g.to 
| r Ma (r? + 3h?) 
4b Ma (ja? + yal?) 
4a 
Ma (4b? + 
{bth M, a +12) 44M, (e +h)? 


1M, a +6? 
pret (eth) + My a +0?) 
jte+bh M, a +12) + Mga (17 


h+itele +h) a (h? +1?) + Mya (f? 
bh+2te 


2 
M=M, +My a(b? +h?) + Mga(l? +07) 


2 
=8bh1+2%tel i | +4.My 

te+hdh | (e+b)? 


Moment of Inertia) / 
afor of Pro-\'— ‘ | 
in Pounds for jected and Gravity 
tion 
Mass. 
In Feet. In Foot-pounds. 
r anr® 
45073 tr 
tr 
il jy Ma (2 +02) 
} 


Sq. of ) 


Radius kx? 
“raion ky? 
| 
In Feet. 
gr? 
gr? 
gr? 


(0? +12) 
(¢2 +2) 


12 


shy (12 +02) 


| Ma 


(72 +442) 
3 »2 


dy (7? + jh?) 
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(a? +07) 
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le 
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It would add to the completeness of this paper to discuss at. 


this point the so called “ellipsoid of inertia”; but it is diffi- 
cult to present that phase of the subject clearly without being 
tedious, and as the results are seldom, if ever, useful in practice 
the discussion is omitted. 

Solids of irregular shape or combinations of solids may not 
yield readily, if at all, to analytical methods of calculation. To 
meet such cases, as well as those yielding to calculation, the fol- 
lowing graphical method is well adapted. In order to secure 
verification and a comparison of results as to accuracy, the 
cylinder is resumed as an example for which the various quan- 
tities have already been computed. This cylinder is shown in 
Fig. 68, drawn to one-eighth scale and divided, first, by planes 
parallel to the bases into ten circular disks whose centres of grav- 
ity are at 1, 2, 3, . . . 10; and, second, by planes parallel to the 
axis of the cylinder into slabs whose centres of gravity are at 1’, 
2), 3',. .. 10. As cast iron weighs about 450 pounds per cubic 


450 «x 254.47 x 3 
foot, the mass of each disk is 67 7*/ = 1798 x 322 7 6.18 
pounds. Assuming the convenient scale of 20 pounds per inch, 
or 240 per foot, lay off on the “ load line” s/ the distances 1, 2, 
3, . .. LO each equal to 6.18 pounds. From any point, », in line 
with the other base of the cylinder, draw ps and p/. From the 
centre (1) drop a perpendicular from O, O,, to intersect ps at a. 
Draw a parallel to pA from « to intersect a perpendicular from 
centre (2) at ; and proceed thus until the polygon ac/g is formed, 
the last chord, 7m, being parallel to /p. Produce m/f to intersect 
ps atc; draw gc@ and extend ah to ¢. Now the triangles ace and 


psh are similar, and x :ce = H,: sh, or x-sh = I,-ce. In the gen- 


eral equation for the moment of inertia, 7 = fam a+ [am ayt 


[idm « D*, the dm is represented here by sh. Hence the pro- 


portion, with the factor a introduced, becomes dm a x = a /T,-ce. 
But dma is the accelerating force for the mass whose centre 
is at (1); and, consequently, the accelerating force required for 
the masses 1,2,. . . 5 will be aw Similarly, for the masses 
6,7... . 10, the force will be «, H-cg, which is equal and oppo- 
site to the force required to accelerate the masses 1, 2, .. . 5, 
although causing rotation in the same direction. The point c is 


i: 
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therefore on a line c( through the centre of gravity of the 
body; and the entire accelerating force about the gravity axis 


will be ky — Qa 


40" per foot. 


Seale, 


68. 


Fia. 
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The moment of the accelerating foree for the mass (1) will be 


dm aw =a IT,-ce-x = 20 = 2a area triangle ace ; 


and the | du wa’ = 2a IT, area acty = 2a H, A, Similarly, 


find the polygon qvzd. Then two lines at right angles to each 
other through ¢ and w will intersect in the centre of mass, G, of 
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the cylinder; and the | dm ay = 2a I, x area quzd = 2a H, A). 
Then, 


g= [am ar + [am ay = Mak = 2a A, + 2a IT, A, (22) 


The numerical result is to be a moment in foot-pounds so 
that // must be expressed in feet from the scale of the drawing ; 
while A, or A,, representing areas, will be affected in one 
dimension by the scale of the drawing and in the other by the 
scale of the load line s/ or rw. As these areas will usually be 
determined by the planimeter in square inches, the area found 
must be divided by 144 to reduce to square feet. then multiplied 
by 8 if the scale of the drawing is one-eighth, and by the scale 
of the load line in pounds per foot. 

Having assumed an axis through any point o parallel to = 
gravity axis, the triangles p/s and ¢/r are similar, so that H:; 

= D:ir, or si: D= H.-ir, But s/ represents the entire mass, 
the cylinder. Introducing «, the proportion gives 
a [1,-ir, in which //, is to be measured in feet and / is a foree 
in pounds. Similarly, = a //,.j/. Then, finding the 
resultant of the two forces about the gravity axis and of the two 
about the given parallel axis through +, the result is 


F=Fy+Fo ..... (28) 


The moment of the accelerating force Ma D, = a I/,-ir will be 
Ma D,-D,= a Il,-ir- D, = 2a 11, x D, = 2a x area 
triangle cir = 2a H, A,'; and Ma D/? = 2a H, Aj}. we 
D2 + DP, then Ma Ma D?= Ma P =2a H, 

+ 2a //, and the total moment about o measured in 
pounds will be 


lo = 2a H, ( AS (2 A, +A 


= x area peiry 2a x area (24) 

The triangles civ and ¢p/ are similar, so that the accelerating 
forces and the moment of inertia will be the same for equal posi- 
tive and negative values of the ordinates to 0, the area acfq be- 
ing common. And inspection of the diagrams will show that by 
proper combination of data from the polygons acfy and qgued, 
and the triangles pet, csm, wnq, vz, the accelerating forces and 
the moments of inertia of the cylinder about the nine parallel 
axes, G, O,, Oo, . . Og, may be obtained. 
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The results from the graphical solution may, of course, be 
used as in the analytical method for the determination of the 
centres of percussion or oscillation and the radii of gyration. 

In comparing the results from the analytical and graphical 
methods, the measurements from the diagrams were taken while 
in fine pencil lines. The location of the centre of gravity of the 
solid is known in this cise. The point ¢ came out exactly right, 
the point ” nearly so. From the equations for moment of iner- 
tia, the area pfewy should be equal to four times the area acry. 
This is correet within 0.01 square inch, the limit of the pla 
nimeter used. Likewise 5 « area yv2/ = 1.15 “square inches, 
instead of 1.12 from the polygon guved. 

The analytical method gives for the accelerating force about 
the gravity axis, /,= 8163 pounds; while by the 
graphical, 7, = 2 H,-cg = 2 x 18.85 x 2.5 x 038 = 20 = 716.3 
pounds, and /, = 20 //,-u/ = 2 x 18.85 « 1.5 «x 0.84 « 20 
384.5 pounds, the resultant being /, =v /’ + 4) = 813 pounds. 
The difference is less than 0.4 of | per cent. of either. By the 
analytical method, /, = 769.8 foot-pounds ; by the graphical, 


| aa = Qa area acfg = 2 x 18.85 x 2.5 x 8 x 240 
144 
= 603.2 foot-pounds, and [am ay’ = 2a H,- area quzd = 2 » 
18.85 x 1.5 x 4 x 8 x 240 = 170.4 foot-pounds, the sum of 


moments being /y = 603.2 + 170.4 = 773.6 foot-pounds. The 
difference is a half of one per cent. of either. 

Again, the moment of inertia about V, in Fig. 68 is J = /y 
Ma P= Ig + 61.74 « 18.85 (1.25° + 0.75°) = 76.8 + 2473.1 = 


3242.9 foot-pounds. From the diagrams, / = 2 //, - area wetpy 
} oD > & 


+ 2a I, + area quvzd = 2 x 18.85 x 2.5 > ae 240 + 2 
44 
1.12 
18.85 x 1.5 x aa < 8 x 240 = 2400.2 + 844.5 = 3244.7 foot- 


pounds. The difference here is but 0.05 of one per cent. 
Finally, for an axis parallel to the gravity axis passing through 
aay point. as 0, whose coordinates referred to (@ are « = 1.75 feet 
and = 0.25 foot, 7 = y+ Ma P= Iq + 61.74 18.85 (L.75° 
+ 0.25°) = 769.8 + 3636.9 = 4406.7 foot-pounds. While / = /y 
+ 2a H, - area cir + 2a //,- area wh = 773.6 + 2 « 18.85 x 2.5 
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2.62 x 2.15 x 240 + 2 x 18.85 x 15 > 0.39 0.56 8 x 
2x 144 144 

240 = 775.6 + 3539.4 + 82.3 = 4395.3 foot-pounds. In this, and 

all other cases in fact, the moment about o may be found with- 

out first knowing the moment about G by making / = 2a //,. 

area powrg + 20 area qujkzd, since the areas used added 

together equal these. The difference here is 0.26 of one per cent. 

These results are in practical agreement. The purpose in 
this comparison has been to show the correctness of the methods 
used, in part the means available to check results, and the 
degree of accuracy to be expected with ordinary care in caleula- 
tion and drawing. So far as the graphical method is concerned, 
the larger the scale used within convenient limits, the greater 
the accuracy ; and care is essential always. 

In conclusion, the salient features of this form of the theory 
are considered to be: 

(1) That mass may be used as a measure of force causing 
unit acceleration in unit time. 

(2) That momenfum is not merely a “ quantity of motion,” but 
a measure of the inertia developed in a body. 

(3) That the moment of inertia of a body depends upon acct lera- 
tion as well as upon sass, and is expressed as the moment of a 
force in inch or foot pounds. 

(4) That the centres of oscillation and of percussion are not 
always identical. 

(5) That in this, the concrete form, the moment of inertia is a 
question of dynamics, as opposed to the moment of resistance, 
which is a question of statics. 

(6) That the analytical and graphical methods evolved are 
either singly or in combination capable of effecting a solution of 
any useful problem. 

(7) That the concrete form of theory permits the designation 
of a numerical result in rational terms. 


DISCUSSION. 


Mr. Win. Kent.—The object of the author, as it appears in his 
paper of 1894 as well as in the present paper, is to give students 
some new ideas of the moment of inertia, and to help them form 
some mental conception of what it is. It may be allowable in 
discussion to make a restatement, in possibly a new form, of old 
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ideas on the subject. Let us consider first what Rankine calls the 
geometrical moment of inertia of the cross-section of a beam. 
Suppose a plank 12 inches wide to be sawed through, and the two 
pieces, separated a short distance, to be joined in the middle by a 
hinge or flexure pivot at (, as in Fig. 69. Place a thin strip of 
elastic material, like rubber, in the space on one side of the pivot. 
Let the elastic compressive resistance of the rubber be such that 
f pounds will compress a lineal inch of the strip .01 inch; 6/ 
pounds .06 inch, ete. Apply a force /, acting at a lever arm of 
10 inches from the pivot, so as to produce a compression of .06 
inch at the extreme edge, or 6 inches from the pivot, and a com- 
pression of .01 inch 1 inch from the pivot. The force exerted on 
the rubber at the extremity of the radius r will be 6 / pounds per 
lineal inch, and / pounds per lineal inch 1 inch from the pivot. 
Conceive the strip to be cut into a great number of short sections. 
The outer section will resist compression at the rate of 6 pounds 
per inch, and the innermost section, adjoining the pivot, will not 
be compressed at all, and its resistance will be 0. The sum of the 
resistances of all the sections, or of the whole strip, may be repre- 
sented graphically by the area of a triangle (Fig. 70) whose base is 
6 f pounds and whose altitude is 7 or 6 inches, the area being 18 
fpounds. Each small section of the strip resists the foree F, not 
only in proportion to its compression, which causes a resistance 
varying from 6 / to 0 pound, but also in proportion to the lever 
arm, at which each particular section acts; that is, the outermost 
section has a lever arm of 6 inches and a compression of .06 inch, 
and has a moment of resistance per lineal inch of 6 f x 6 = 36/ 
inch-pounds. The sum of the moments of all the strips may be 
represented by the volume of a pyramid (Fig. 71) whose altitude 
is 7, or 6 inches, the base one of whose sides is 6 inches, and the 
adjoining side of the base 6/ pounds. This volume, according to 
mensuration, is | of 36 x 6 = 72 square inches x /pounds. At 
the distance of 1 inch from the pivot, the section has a resistance 
of f pounds per inch, and its lever arm is 1 inch, the moment being 
finch-pounds per lineal inch. At the distance r or 6 inches it is 
r’ or 36 inch-pounds per linealinch. ‘The moment, therefore, varies 
as the square of 2, which is any part of 7, We may make the 
summation of the moments by the calculus, thus: 
Total moment of resistance = | ferde = }7°f, or 72 7 In the 


0 


above calculations the breadth of the strip has been considered 


| eur. 
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as unity. If the breadth be } the total moment will be | /b2° dx 


= }br'f The calculations also assume that the strip is reetan- 
cular, which makes the graphical solution, by the device of the 
pyramid, possible. The method by the calculus is general for any 
shape of strip, but the integration is more or less difficult, accord- 
ing to the shape. 

Now assume that we have a similar rubber strip on the other 
side of the pivot, resisting tension (being properly fastened or 
glued), in the same way that the first strip resists compression, all 
conditions of elasticity, ete., being the same, and let the applied 
force /’ be doubled. The total moment of resistance will then be 


BEES | 


Kerr 


FiG. 69. Fia. 70. Fia. 71. Fie. 72. 


j br’, If we substitute d, or the depth of the beam for 2r or a 
for Sr, we obtain total moment = /. 

In both expressions | br’ and ;'s we see that the moment is 
composed of two factors, one/, the rate of the force at unit distance, 
and the other } 47° or ,'5 6d*, a function of the magnitude and shape of 


the area compressed. To this function, which is generally [ta dx, or 


2 dx or ar’, in which latter expression is a small elementary 


area, 7 the distance of each elementary area from the axis of rota- 
tion, and = the sign of summation, has been given the name 
‘moment of inertia.” The name may not be a good one, for the 
function is not a moment and it is not inertia, but it has so long 
been incorporated into the literature of engineering that it is not 
likely to be displaced. It might be called area function or “ area 
modulus.” It might be called “ section modulus,” but that term 
has already been appropriated by another function, viz.: this 
so-called moment of inertia divided by the distance of the ex- 
treme fibre from the axis of rotation. The “section modulus” is 
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improperly called “moment of resistance " by some authors. What 
is this ‘ moment of inertia”?  Itis simply a function, an algebraic 
expression. It is > ar’, or in the case of a rectangular area rotated 


about one edge, } 47°, or in the case of a rectangular area rotated 


about an axis in the middle, parallel to one edge, ;'y dd°. It is a very 


convenient algebraic expression, for use in computing the resist- 


ance of beams and columns, and it may be used just as well 


without a mental conception of it as with one. It is, moreover, a 


function of the magnitude and shape of an area, and of the posi- 


tion of an axis of rotation of that area, and of nothing else. It 
has nothing to do with either force, inertia, or with anything else 


but an area. 


Moment of Inertia of a Rotating Body. 


Conceive the body shown pivoted at O, Fig. 72, divided into a 
number of separate sections, each one of which is acted on by a 
separate force /', /*, ete., for a short period of time, the magnitude 


of each force being such as to cause each corresponding section 


to acquire the same angular velocity at the same period of time, 


or to give it the same angular acceleration. Suppose the force 7", 


acting on the small section whose mass is m, at the extreme end 


of the radius 7, gives it a lineal motion s at the end of a small 


period of time, causing it to acquire ‘a velocity v = wr, @ being 


the angular velocity. The work done by the force is /s = } mv* = 
jmo'r’. The small sections all having the same mass m, the 


forces impelling them will vary with the acceleration of the 
several masses from the maximum force / down to 0. The total 
work done in accelerating the whole body will be > /s = X § 
This expression is divisible into two parts, viz.: }@* and mr’. 
The first is a function of the angular acceleration, and hence of 
the acting force. The second is a function of the mass of each 
elementary particle, which depends on four elementary factors, its 
length, its breadth, its depth, and its specific heaviness or density, 
and also on the geometrical shape and magnitude of the body. 
This expression 2mr* is also called moment of inertia, but it is a 
more complex function than the geometrical moment of inertia of 
the cross section of a beam. It is also called the moment of 


Mm @r’. 


inertia of the mass of a body, or }—r* =X mr’, to distinguish it 


from the moment of inertia of the weight of a body, Sw", whieh is 
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more commonly used in mechanical engineering, as stated by 
Rankine (Machinery and Millwork, p. 459). Rankine also defines 
the sum 2wr* as “the weight of a body which, if concentrated at 
the distance unity from the axis of rotation, would require the 
same work to produce a given increase of angular velocity which 
the actual body requires. 

The subject of the different moments of inertia seems to be 
treated with sufficient clearness and to a sufficient extent by the 
standard authorities, such as Weisbach and Rankine, and a student 
who has had the requisite preliminary training in mathematics 
should have no difficulty in understanding it after a little expla- 
nation from his instructor. There may be a need of rewriting 
Rankine in more elementary form, so as to make it more compre- 
hensible by the average student, but what is not needed is any 
such mathematical discussion of it as Professor Kerr has given us 
in his two papers. I do not see that they have improved in 
the slightest degree on the treatment of the text books nor 
brought out any new facts of importance. 

In regard to Professor Kerr’s conclusions I must take exception 
to the first three, leaving to others the discussion of the other 
four. His first conclusion, that mass may be used as a measure of 
force, tends simply to a confusion of ideas. This statement may be 
derived from the equation /¢ = mv if each of the qualities v and ¢ 
be taken as unity, but we might as well derive from it that time 


may be used as a measure of mass: {=~ ., when v and fare both 
/ 


taken as unity. It may be curious, but it is not useful. 

2. Momentum is merely the so-called “ quantity of motion,” and 
it is strictly the product of m and v, and nothing else. The term 
“inertia developed in a body” is, I think, new, but it is vicious. 
We might as well speak of area developed in a plane surface or of 
weight developed in a body. 

3. The moment of inertia does not depend upon acceleration. It 
is 2wr', w being a function of the heaviness and of the dimensions 
of the body, and r a function of its shape. There is in the expres- 
sion nothing which corresponds to force, velocity, or acceleration. 

The moment of inertia treated of by the author seems to be an 
entirely different thing from what is called moment of inertia in 
the text-books. My discussion has relation solely to the latter. 
If his moment of inertia is a different thing, he should give it a 
different name, say moment of resistance, referring to the resistance 
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of a beam to bending, or work of angular acceleration, referring to 
rotating masses. 

Mr. Kingsbury.—I wish to say, with reference to clause No. 4, 
“That the centres of oscillation and of percussion are not always 
identical,” that I have never met that statement before. On the 
contrary, it seems to be proven with mathematical exactness that 
the centre of oscillation and the centre of percussion do coincide 
in all cases. 

Prof. C. V. Kerr.*—So far as names are concerned, there is no 
need of new ones. I am simply trying to put more life into a few 
of the old ones, to invest the ‘moment of inertia” with its true 
and full meaning, and to distinguish it from the old * moment of 
resistance,” which is purely a question of static stress. But the 
fact that, thus treated, both moments reduce to foot-pounds is an 
illustration of the unity that may appear in heterogeneity. 

In his Pocket Book for Mechanical knginee PS, Mr. Kent is sup- 
posed to state the accepted definitions in mechanics. Thus on 
p. 415: “ A force should always mean the pull, pressure, rub, at- 
traction or repulsion of one body upon another, and always implies 
the existence of a simultaneous, equal, and opposite force exerted 
by that body on the first body, 7. e, the reaction.” “The unit of 
force used in engineering, by English writers, is the pound avoir- 
dupois.” “Inertia is that property of a body by virtue of which 
it tends to continue in the state of rest or motion in which it may 
be placed until acted on by some force.” Under these definitions, 
what supplies the forces acting during impact in the case of two 
free moving bodies, unless it is inertia? In fact, /s inertia merely 
a measure of the forces called action and reaction, or is it a force ? 
And yet I have not gone farther than to use inertia as the measure 
of force. 

Again, p. 427: “Force equals the product of mass by the ac- 
celeration, or 7 = ma.” “The resistance to acceleration is the 
same as the force applied to produce aceeleration.” Now, if the 


‘ » w 
acceleration, a = 1, then f = m, and mass, m = —, becomes the 


measure of the force in pounds required to impart unit accelera- 
tion. That is the property of matter which is constant through- 
out the known universe. 

Finally, on p. 428: “Momentum, or quantity of motion in a 


* Author’s closure, under the Rules. 
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body, is the product of the mass by the velocity at any instant 
= my = . . . Since ft = mv, if t=1 second, my = f 
whence momentum might be defined as numerically equivalent to 
the number of pounds of force that will stop a moving body in 1 af 
second, or the number of pounds of force which, acting during 1 = 
second, will give it the given velocity.” This last sentence con- 
tains an idea which was presented in my first paper on the | 
moment of inertia, read before the Society in 1894, some montlis Be 
before the issue of the first edition of Mr. Kent's book. However, 
he now reaftirms, with Newton, that momentum is merely the so- 
called “ quantity of motion ”—strictly the product mv, and nothing 
else. 


My use of momentum as a measure of the inertia developed in 
a body is better compared to the power developed in a given steam 
engine which depends upon speed and steam pressure than to the 
aren developed in a plane surface, or to weight developed in a 
body, as Mr. Kent compares it. But area is merely a definite 
portion of the plane itself, and is variable between zero and the 
limit of the plane, which is infinity. And according to Mr. Kent, > 
p. 427: “ Weight varies according to the variation in the force of 
gravity at different places,” and consequently a man’s weight may 


yary from zero in midspace to 150 pounds on the earth’s surface 
or even to infinity on some mighty planet or sun in the universe. 
If,f = ma, then in a given body the resistance to acceleration— re 
another name for inertia—may vary with the acceleration between 
zero and infinity. Some other word than “develop” might more 
neatly express the fact, but I do not yet agree that it is wzcious to 
speak of inertia developed in a body. 


In a recent paper read before the American Association for the 
Advancement of Science, Mr. Kent used the equation / = - as 
a basis for the definition that “unit time is that time in which | 
unit mass will acquire unit velocity when acted on by unit force.” a 
If time is to be made a dependent variable, then this definition 
is not a bad statement of fact. In this discussion, the effect of 
this adroit change is apparently to cast discredit on a sound 
statement. 

IT am indebted to Mr. Kent for the exhibit he has made of the 
modern form of the old way of deducing the various moments of % 
inertia, and especially so as he has charged one, at least, of my 
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conclusions with tending to a confusion of ideas. He shows us 
no less than three variations, Yar", Ywr*, and 2m’, all different 
so far as form is concerned, and so far as meaning can be put 
into them; and yet they are all called “moment of inertia.”’ 
He says of the first, a7", “The name may not be a good one, 
for the function is not a moment, and it is not inertia.” That 
was well said. And what shall we call this moment of inertia 
when reduced to figures? It is amusing at first and then 
alarming to note the straits to which even our best writers on 
engineering mechanics are driven to find a suitable name, for 
we all feel a natural craving for some kind of name. Thus, Pro- 
fessor Chureh (Mechanics of Lnyineering, p- 454) states the mo- 
ment of inertia of a plane figure in terms of “ biquadratic 
inches”; and Professor Merriman (Mechanics of Materials, p. 
57) gives the moment of inertia of the cross section of an I 
beam in term of “inches*,” or inches to the fourth power. An- 
other illustration of a somewhat different nature of the difficulty 
growing out of the use of that convenient abstraction, Sar’, is 
found in Professor Hoskins’ (@ruphic Statics, p. 159) definition of 
“the moment of inertia of a foree”; but he frankly confesses 
that “It is only in the case of masses that the term ‘moment of 
inertia’ is really appropriate.” 

In my paper on the “ Moment of Resistance ” (A. 8. M. E., vol. 
xviii.) I show how to find the resisting moment of a beam directly 
from the cross section ; and, in the case of a rectangular beam, it 
is 72 =} sbd*, in which s is the stress in pounds per square 
inch in the extreme fibre, 4 the breadth, and / the depth. 


2 
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The old and accepted method makes R= —— == = 
e 

a5 = \ shd?, The result is the same in form, but the labor 

ol 


must always be greater, since /? can be tabulated as readily as 
Sar’. And, by treating the question purely as a question in 
statics, the numerical result becomes at once the moment of a 
force in pounds at unit distance from the axis. 

For a distinetion between 2m? and Zi" affording food for 
thought I would cite Rankine’s Applied Mechanics, p. 514; and 
he further says that when the term is used in the strict sense, 
the “moment of inertia will be expressed by the product of a cer- 
tain number of pownds avoirdupois into the square of a certain 
number of fee?” But what shall the numerical result be called ? 
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Weisbach (7hevretical Mechanics, pp. 576-578) uses acceleration 
in his analysis, but omits it in the result, and says the moment of 
inertia of amass m is w = wr. He speaks incidentally in an 
example of a “moment of inertia of 50 foot-pounds.” In the 
method adopted in this paper, the rotation of a rigid body about 
an axis is kept in mind throughout, while #ass and acceleration 
are not only sed, but retained. Consequently, the numerical result 
is shown to be the moment of a force in pounds at one foot from 
the axis of rotation, which is equivalent to the actual system of 
forees required to impart to the given body the desired accelera- 
tion. Again, the value of I can be as readily tabulated as 2m7r* 
or wr", and in use part of the mental labor of substitution is 
saved. 

Moreover, where is the confusion of ideas charged? Treating 
these questions as I have, shows that the resisting moment of a 
beam under a static load and the moment of inertia of a rotating 
body both reduce to a moment measured in foot-pounds or 
in inech-pounds. Over against this you must place, on behalf 
of the accepted theories, biquadratic inclies, inches‘, pounds avoir- 
dupois into the square of a certain number of feet, and so on. 

In answer to the objection raised by Mr. Kingsbury, the cen- 
tres of percussion and oscillation apparently do coincide as shown 
by the equation S = P = + DP). But suppose that a circular 
disk is rotated about an axis parallel to the axis of its cylinder, 
and that the two axes are caused to approach and finally to coin- 
cide, the values of S and 7? remain equal and increase to infin- 
ity as the axes coincide. At this point, as an oscillating body, 
the disk will cease to oscillate ; but as a rotating body, the disk 
may continue to rotate with the initial angular velocity. Rankine 
says (Applied Mechanics, p. 522): “ No centre of percussion exists 
when the axis traverses the centre of gravity of the body.” But 
the body rotates ; and how shall it be stopped without shock on the 
axis as before? The analysis illustrated by Fig. 63 of this paper 
shows that the force /;,, applied at the centre of percussion, con- 
stitutes with 7, a couple whose moment is always equal and 
opposite to that of 4, #;'. This latter couple still exists when 
the axis coincides, and may be opposed by another couple, 7, 7", 
of equal moment as in Fig. 64. The true centres of percussion 


in this case are the centre of percussion of the wedge-shaped mass 
between two radial planes, subtended by a small angle. The fact 
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seems to be that a rotating body, if stopped without shock at the 
axis, is always stopped by a couple, and not by a single force. 
Hence, when a body rotates about the gravity axis, the centre of 
oscillation is at infinity, while the centre of percussion is within 
the body. 

So far as new definitions of terms are concerned, enough has 
been said. As a whole, the method used is original with me, and 
this paper on the moment of inertia is the final expression of an 
idea that has gradually developed during the past ten years. 
The graphical method evolved for solving the general equation, 
I= din ax 4 ay 4 /*, has been a source of 
genuine pleasure to me on account of its simplicity and com- 
prehensiveness. It constitutes, moreover, a long step toward a 
possible science of graphical dynamics. Much time and labor 
have been spent in my efforts to put life into these concepts of 
mechanics, but I believe the results are stable and useful, 
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THE BURSTING OF SMALL CAST-IRON FLY-WHEELS. 


BY CHAS, He BENJAMIN, CLEVELAND, © 


(Member of the Society 


Or late years the failures of large fly-wheels have become 
alarmingly common. Every month brings its record of one or 
more <lisasters of this sort, some of them entailing loss of life and 
serious destruction of property. It is not the purpose of this 
paper to discuss the causes of such accidents, further than to 
notice the fact that the high belt speeds and close regulation 
required in electric plants have been indirectly responsible. 
Many of the fly-wheels have failed on account of excessive speed 
due to disarrangement of the governor and consequent racing of 
the engine. In some instances it has been difficult to determine 
the cause on account of the destruction and excitement at the 
moment. In no small number of instances, however, the wheels 
have burst at speeds but slightly above the normal and when the 
factor of safety was apparently ample. 

Mr. James Stanwood, of this Society, was the first to point out 
the condition of stress existing in a fly-wheel rim and to show 
that the bending due to centrifugal force might reduce very ma- 
terially the bursting speed.} This subject was further developed 
by Professor Lanza, and the probable amount of stress due to 
bending was indicated as well as its effect upon rim joints.t It 
occurred to the writer that a series of experiments on small cast- 
iron wheels might throw some light on the causes of failure and 
lead to more rational formulas for design. 

The quality of the metal in a small wheel is better than in a 
large, and the stresses due to uneven cooling are much less. 
The linear speed of rim at which a large wheel will burst will 
therefore be less than that obtained by experiments on small 
wheels. 

* Presented at the New York meeting (November, 1898) ofthe American Society 
of Mechanical Engineers, and forming part of Volume XX. of the 7ransactions. 

+ Transactions A. S. M. F., vol. xiv., p. 251. 

t Transactions A. S. M. E., vol. xvi., p. 208. 
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The experiments about to be described were conducted under 
the immediate direction of the writer at the laboratories of Case 
School of Applied Science, and he was present at the bursting 
of nearly every wheel. Acknowledgment should be made of the 
services of the students who carried out the experiments, Messrs. 
Bishop and French of the class of 97 and the Messrs. Emrich, 
of the class of 98. Without their intelligent and faithful assist- 
ance the work could not have been done. 


The wheels were all of cast iron and were clean, perfect cast- 
ings. Two diameters were used, fifteen and twenty-four inches, 
and each wheel was a scale model of some actual fly-wheel de- 
signed by a reputable firm. The wheels numbered 1 to 10 had 
solid rims with the exception of No. 5. Wheel No. 11 was a 
special wheel, as will be explained later. The wheels numbered 
12 to 17 had each two joints in the rim and were 24 inches in 
diameter. All the wheels numbered from 1 to 10 were reduced 
models of a solid-rim fly-wheel 10 feet in diameter now in use on 
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a 12x 30 Allis-Corliss engine in the laboratory. The wheels num- 
bered 12 to 15 were models of the same wheel on a larger scale, 
with rim joints designed by the writer. The two wheels num- 
bered 16 and 17 were models of the fly-wheel of a Corliss blow- 
ing engine. Reference to the various cuts will show the general 


appearance of the various wheels tested before and after break- = 
ing. Tables I. and ITI. give the dimensions of the wheels in = 
detail. 

To give to the wheels the speed necessary for destruction, use 


was made of a Dow steam turbine capable of being run at any 
speed up to 10,000 revolutions per minute. The turbine shaft 
was connected to the shaft carrying the fly-wheels by a brass 
sleeve coupling, loosely pinned to the shafts at each end in such 
a way as to form a universal joint, and so proportioned as to 
break or slip without injuring the turbine in case of sudden 
stoppage of the fly-wheel shaft. Fig. 73 shows clearly the 
arrangement of wheel and turbine. 

One experiment with a shield made of two-inch plank (see 
Fig. 74) convinced us that safety did not lie in that direction, and 
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in succeeding experiments with the fifteen-inch wheels a bomb- 
proof constructed of 6x 12 inch white oak was usec. The first 
experiment with a twenty-four-inch wheel showed even this to 
be a flimsy contrivance, as may be seen by Figs. 75 and 76, from 
photographs taken immediately after the explosion of wheel 
No. 11. In all subsequent experiments a shield made of 12x 12. 
inch oak was used, as shown in Fig. 77, which represents the 


apparatus as employed on wheels Nos. 12 to 17. Even this 
shield was split repeatedly and had to be reénforced by bolts, 
The brick piers of the basement furnished havens of refuge 
for the experimenters, and no accidents occurred, but sundry 
holes in the brick wall, broken hangers, and riddled belting re- 
main as souvenirs of the spiteful force of the flying fragments. 
The wheels were usually demolished by the explosion, as may 
be seen from the cuts. No crashing or rending noise was heard, 
only one quick, sharp report, like a musket shot. 
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The determination of the speed offered some difficulties at first, 
it being too great for the successful use of a counter or tachometer. 
A commutator of one break was arranged on the fly-wheel 
shaft, and this connected through the battery circuit with an ear- 
phone in an adjoining room. This arrangement worked satis- 
factorily, giving a clear, musical tone, and the number of vibra- 
tions corresponded closely to the speed as measured by a reduc- 
ing counter shaft and speed counter. The commutator and the 
apparatus used in testing it are shown in Fig. 75. It was soon 
discovered that the audible tone produced by the machine itself 


when running at a high speed corresponded exactly to the tone 
in the ear-phone, and consequently the ear-phone was discarded. 
Two observers, having trained musical ears and provided with 
tuning forks, had no difficulty in determining the pitch within 
half a tone, the quarter tones being estimated. The error due 
to this method did not exceed five per cent., and was probably 
less than if an attempt had been made to get the speed with a 
tachometer. The bursting speed of the wheels having rim joints 
was too low to produce a musical tone with any distinctness, and 
it became necessary to resort to the tachometer. It was not 
deemed safe for the observers to apply the instrument directly 
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to the fly-wheel shaft, and a counter shaft, reducing the speed 
from two to three times, was employed. Wooden pulleys were 
used, connected by a band consisting of several thicknesses of 
electrical tape. Careful observations convinced the writer that 
there was no appreciable slip. 

The tachometer used was of the usual rotary pendulum type, 


and was calibrated several times by comparison with a speed 
counter. 
Fifteen-Inch Wheels. 

Test pieces cast from the same ladle as these wheels were 
broken in the testing machine, and the following average values 
obtained for the breaking strength : 

Tension, 19,000 pounds per square inch. 


Cross-breaking, 39,000 pounds per square inch. 


These wheels were all turned on the face and edges of the 
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rim, and were earefully balanced by winding copper wire around 
the arms near the rim 

Wheels Nos. 1 and 2 were practically identical in size and 
shape, as may be seen by Table L, and broke at the same speed, 
viz., 6,525 revolutions per minute, or a rim speed of 430 feet 
per second. 

Fig. 78 shows the appearance of No. 2 after rupture. 

Nos. 3 and 4 were similar to the preceding, save that the rims 
were turned down thinner. No. 3 burst at a speed of 6,035 
revolutions per minute, or a rim speed of 395 feet per seeond, and 
No. 4 at 5,872 revolutions per minute, or 380 feet per second. 
The rims, being thinner, bent more between the arms, so that the 


rims failed at a less speed. Fig. 79 shows the appearance of 
No. 3 after rupture. The shape of fracture at the outer ends of 
the arms in all the wheels usually indicated that the rim broke 
first midway between the arms, and that then the two parts of 
the rim flew outward and broke off at the arm. 

Wheel No. 5 had two joints in the rim at opposite extremities 
of a diameter. The strength of the joint was designed to be 
one-third the tensile strength of the solid rim, but the wheel 
burst at only 2,925 revolutions per minute with a centrifugal 
tension of less than one-fourth that of the solid wheels. 

Nos. 6, 7, and 8 had only three arms, every other arm havy- 
ing been removed from the pattern before casting. The object 
of this was to show more clearly the bending of rim due to 


| 
4 % 
Bi 
t 
“ty 
4 
5 
é 
Fria, 78. 
é 


216 THE BURSTING OF SMALL CAST-IRON FLY-WHEELS. 


centrifugal force. These three wheels burst at speeds of 5,600, 
6,200, and 5,709 revolutions per minute respectively. The figures 
for No. 6 were obtained with a tachometer and are doubtful, 
being probably too low. Wheel No. 6 is shown in Fig. 80. 


| Kie. 79. | 


Wheels Nos. 9 and 10 were of the original six-armed type, but 
with rims turned down to exceeding thinness, as shown in 
Table I. They each burst at a speed of 5,709 revolutions per 


minute, or at rim speeds of 365 and 361 feet per second respec- 
tively, a reduction of over 16 per cent. from Nos. 1 and 2. 
These results are summarized in Table II. An examination 


of the column containing the values of v in feet per second will 
show that as the segments of the rim between the arms become 
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weaker as beams, either through increase of length or decrease 
of thickness, there is a falling off in the bursting speed. 

To determine to what extent the strength is affected by bend 
ing, values of s have been calculated. As has been shown by 
Mr. Stanwood in the paper before referred to, this expression 
represents approximately the tensile stress on the square inch 
of section of rim due to the centrifugal force, for cast iron. By 
comparing these values with the tensile strength of the iron 
before noted, viz., 19,000 pounds per square inch, the amount 
of stress due to bending may be estimated. This difference 


81. 


varies from 500 pounds per square inch in Nos. | and 2 to 
nearly 6,000 pounds per square inch in Nos. 9 and 10—being 
vreatest in the wheels with thin rims or few arms. None of 
these wheels, however, except No. 5, would have been unsafe at 
the usual limit for fly-wheel rims of 100 feet per second. Wheel 
No. 10 would have had a factor of safety of over 12 at that speed. 


Tue nty-four- Inch Wheels. 


All the wheels numbered from 11 to 17 were of the above 
diameter. No. 11 was a special wheel which had been in actual 
use. This wheel burst at 3,670 revolutions per minute, or a 
peripheral speed of 385 feet per second, which corresponds well 
with the average speed of the 15-inch wheels. The explosion 
vas very violent. and completely wrecked the shield, as shown 
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in Figs. 75 and 76. The quality of the iron was unknown, save 
that it appeared clean and close-grained. 


Flanged Joints. 


The wheels numbered 12 to 15 were of the same model as the 
15-inch wheels on a larger scale, but each wheel had two inter- 
nal flange joints in the rim, midway between the arms, as shown 


Kia. 82. 


in Fig. 81. The joints were all carefully planed and the holes 
drilled to match. The wheels were not turned on the face, but 
were balanced the same as the others. In none of the experi- 
ments was there any shaking or tremor, only a dull roar of in- 
creasing intensity, then a single sharp report and quiet, except 
for the hum of the relieved turbine. 

The proportions of the flanges and bolts are given in Table 
IV. The bolts used were of steel, and samples of each broken 
in the testing machine gave the results shown in the table. 
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Wheel No. 12 burst at a speed of less than 1,800 revolutions 
per minute, but the exact speed was not recorded. The flanges 
broke, as shown in Fig. 82, but the bolts were uninjured, except 
for a slight stretching. 

No. 13 was a duplicate of No. 12 in eyery way, and burst at 
1.760 revolutions per minute, or 184 feet per second. Fig. 53 
shows the joints after rupture: the bolts uninjured, but the 
flanges broken through the bolt holes. The flanges of the pat- 
tern were then strengthened by adding |} inch to the thickness, 
the bolts remaining the same. 

Wheel No. 14 burst at 1,875 revolutions per minute with a 
rim speed of 196 feet per second, in this case the bolts failing, 
as shown in Fig. 84. This cut is interesting as showing clearly 
the bending action of the centrifugal force on the bolts, using 
the inner edge of the flange as a fulerum. This joint failed first; 
the wheel then opened like an oyster, fracturing the rim on 
each side of the joint opposite, the latter joint being left 
intact. 

In No. 15, bolts 2 inch in diameter were used, and the wheel 
failed at 1,810 revolutions per minute, or a rim speed of 190 feet 
per second. In this experiment the flanges of one joint were 
badly broken, as may be seen from Fig. 85, the bolts remaining 
whole. The seeond joint was uninjured, as in No. 14. The 
broken bolt seen in the cut came from the hub and should not 
appear. A close inspection of the two bolts in foreground of 
the eut shows them to be nearly sheared off at the joint, a phe- 
nomenon which is interesting, but which the writer is unable to 
explain. It would indicate that, as the bolts stretched and the 
joint loosened, one side of the joint was more affected by the 
centrifugal force than the other, causing a shearing action in 
the joint. 

Fig. 86 shows the condition of the shaft and hub at the 
close of this experiment, a discouraging feature of this sort of 
work. 

The results are summarized in Table V. It will be noticed 
that the rim speed is about one-half that of a solid wheel, and 
therefore the centrifugal tension about one-fourth. The joints 
in all the wheels were carefully made, and were relatively 
stronger than many joints in fly-wheels which are running 
to-day in our mills and shops. The centrifugal tension at the 
joint would be greater than that given in Table V. on account 
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of the weight of flanges and bolts. Ata rim speed of 100 feet 
per second these wheels would have a factor of safety of about 
3,°., which is altogether too small. 

109 


Linked Joints. 


Wheels numbered 16 and 17 were of the familiar rolling- 
mill type, with the joints connected by steel links over cast-iron 
lugs, as shown in Fig. 87, the links being heated and shrank on. 

The dimensions of the lugs and links are given in Table VI. 

Wheel No. 16 had three links to each joint, one on each face 
and one inside. This wheel burst at a speed of 3,060 revolu- 
tions per minute, or 320 feet per second. Each joint broke on 
one side, through the rim, without shearing the lugs or break- 
ing the links, as may be seen from Fig. 88. 

In No. 17 the link was omitted from the inner lug, leaving but 
two links to each joint. This wheel burst at a speed of 2,750 
revolutions per minute, or 290 feet per second, in the manner 
shown in Fig. 89. On one side the rim broke as in No. 16; on 
the other side the lugs failed by breaking off. It is impossible 
to say which joint failed first. It is thus seen that No. 16, with 
three links, broke at a speed 65 per cent. in excess, and No. 17, 
with two links, at a speed over 5) per cent. in excess of that of 
the wheels with flanged joints. 

From the summary in Table VIL. it will be noticed that the 
strength of the rim at the weakest section is apparently in 
excess of the strength of the links, whereas it was the rim that 
failed in each case. It must, however, be remembered that the 
links were under direct tension, while the rim was subjected to 
bending in addition. 

At 100 feet per second the factors of safety for Nos. 16 and 17 
would be 10} and 8,4, respectively. 


Conclusions. 


1, Fly-wheels with solid rims, of the proportions usual among 
engine builders and having the usual number of arms, have 
a sufficient factor of safety at a rim speed of 100 feet per second 
if the iron is of good quality and there are no serious cooling 
strains. 
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In 


In such wheels the bending due to centrifugal force is slight, 
and may safely be disregarded. 
2. Rim joints midway between the arms are a serious defect 


and reduce the factor of safety very materially. Such joints 


87. 


are as serious mistakes in design as would be a joint in the ms 
middle of a girder under a heavy load. 


3. Joints made in the ordinary manner, with internal flanges 
and bolts, are probably the worst that could be devised for this 
purpose. Under the most favorable circumstances they have 
only about one-fourth the strength of the solid rim and are 
particularly weak against bending. 
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In several joints of this character, on large fly-wheels, caleu- 
lation has shown a strength less than one-fifth that of the rim. 

4. The type of joint exemplified in Nos. 16 and 17 is probably 
the best that could be devised for narrow-rimmed wheels not 
intended to carry belts, and possesses, when properly designed, 
a strength about two-thirds that of the solid rim. 


Fie. 89. 
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It is gratifying to notice the fact that since the subject of 
joints in fly-wheel rims has been so thoroughly ventilated dur- 
ing the discussions before this Society, several of our prominent 
engine builders have changed the designs of their wheels by 
bringing the rim joints opposite the ends of the arms. 

The experiments which have just been described, although 
at times a trifle too exciting, were interesting from first to last. 
The writer hopes to supplement them by others on models of 
the more recent rim joints, and would be glad to receive any 
suggestions. 

The more this subject is agitated, the less shall we have occa- 
sion to mourn the destruction of life and property on account of 
faults in the design of this most necessary element of the steam 
engine. 

TABLE I. 
FIrTEEN-INCH WHEELS 


Rin. ARMs 
Weight of 
1 Solid ie 2 70 1.4 6 16 20.87 
2 5 lig 2 65 13 6 16 20.44 
3 15 2 O15 ] } 6 16 19.12 
4 = 14/3 2 52 1.04 6 16 | 16.62 
5 Sectional | 15,3 6 16 20.87 
6 Solid | 153% 2 1.38 3 46 | 19.25 
7 15 2 615 1.23 | 16.56 
8 es 14% 2 175 95 > .46 |} 13.68 
9 142 100 6 | 12.68 
10 14 1i 47 65 6 46 | 13.00 
TABLE Il 
FIFTEEN-INCH WHEELS. 
BURSTING SPEED. Centrifagal 
No. Remarks. 
10 
6,525 150 18,500 
2 6,525 130 18,500 
3 6,085 B95 15,600 Thin rim. 
4 5,872 380 14,400 
5 2,925 192 3,700 Joint. 
6 5, 600* 368 13.600 Three arms. 
7 6.198 406 16,500 ‘6 “ 
8 5,709 368 13,600 
9 5.709 865 13,300 Thin rim 
10 5,709 361 13,000 


15 * Doubtful. 
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TABLE III, 


TWENTY-FouR-INCH WHEELS. 
SHAPE AND Size oF Rio. 
Weight 
No. | Wheel 
Diameter, | Breadth, Depth, | Area, ) 
Inches. Inches. Inches. | Sq. Inches. Style of Joint. Pounds. 
11 24 2} 1.5 3.18 Solid rim. 75.25 
12 | 24 4), 15 3 85 Internal flanges, bolted. 93. 
li 24 4 75 3.85 91.75 
14 24 4 75 3.85 95. 
15 24 4', | .75 | 38 85 | 94.95 
16 24 2.45 Three lugs and links. 65.1 
17 24 1.2 | 2 2.45 Two a Ye we 65. 
TABLE IV, 
FLANGES AND BOLTs. 
FLANGES, Bouts. 
No. Effective Effective No. to Total Tensile 
Thickness, Breadth, Area, Zach | Diameter, Strength, 
Inches. Inches. Inches. Joint. Inches, Pounds 
12 +23 2.8 1.92 4 rs 16,000 
13 +e 2.75 1.89 4 is 16,000 
14 2.75 | 2.58 4 16.000 
15 18 2.5 2.34 4 : 20,000 
By Testing MACHINE. 
Tensile strength of cast iron 19,600 pounds per square inch. 
Transverse strength of cast iron 46,600 pounds per square inch, 
Tensile strength of yy bolts = 4,000 pounds. : 
Tensile strength of g bolts = 5,000 pounds, &. 
TABLE V, 
FAILURE OF FLANGED JOINTS. 
BURSTING SPEED. CENT. TENSION. 
} 
No.| Strength | Remarks. 3 
| Sq. Ine,’ | Rlanges, | Bolts, | Rev. per | Ft. per wa Total } 
= 10 
11 3.18 3,672 | 385 14,800 47,000 Solid rim. 
13 | 3.85 1.89 | 16,000! 1,760 184 3,400 | 18,100) 
14 | 3.85 2.58 | 16,000) 1.875 | 196 3,850 | 14,800 |Bolts broke. 
15} 3.85 | 2.34 | 20,000; 1,810 190 3,610 | 13,900 |Flange broke. 
| | 
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TABLE VI. 


LINKED JOINTS. 


Lvas. LINKs Rim. 
No. 
Breadth,| Length, Area, | Number! phickness, Effective Max. Net 
ns Ga. tun Breadth, Area, Area, Area, 
5. oq. ins. Ins Sq. Ins. Sq. Ins. Sq. Ins. 
16 45 1.0 3 2.45 1.98 
17 44 43 | 2 . 380 2.45 1.98 


By Testing MAacuine. 


Tensile strength of cast iron 19,600 
Transverse strength of cast iron = 40,400, 
Av. tensile strength of each link = 10,180. 


TABLE VIL. 


FAILURE OF LINKED JOINTS. 


Bursting SreepD. | CENT. TENSION. 
Strength Strength 
of 
No. Links, Rim, Rev. Ft. per | Per Sq. In. Remarks 
Lbs Lbs per Sec. y2 Total. 

Min. = 9. 10 

16 30,540) 88.800 3,060 220 10.240 25,100 Rim broke. 

17 | 20,360 | 38,800 | 2,750 290 8,410 20,600 Lugs and rim broke. 


DISCUSSION. 


Mr. Arthur J. Frith.—The paper by Mr. Benjamin is exceed- 
ingly interesting, emphasizing faults in fly-wheel construction, to 
Which our attention has been previously called by Mr. Stanwood 
and Professor Lanza in our own Society, and by Professor Unwin 
in his treatise on the subject. The illustrations of fly-wheels and 
joints actually destroyed under known conditions are suggestive 
of ideas and remedies, and Mr. Benjamin’s remark, in his conelud- 
ing paragraphs, that he would be glad to receive any suggestions 
for further experiments is my excuse for this discussion. 

Professor Unwin points out that in fly-wheels the centrifugal 
force tends to bow the rim between the arms and gives formule 
for determining the varying tensions in the rim, the extension of 
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the arm, and the bending moments of the rim caused by this 
inward pull. 

The mathematical complexities of these formule, however, are 
not inviting, and all refer to thé strains caused in a circular rim 
of uniform section by its efforts to assume a form for which it was 
not designed. Would it not be more rational, therefore, so to 
shape the curve of the rim that it will keep its shape under strain, 
and have the least possible tendency to cause bending moments ? 
This is especially desirable in cast-iron construction, a material 
which is ill adapted to withstand bending. To be brief, if the rim 
were perfectly flexible, such as chain, and uniformly loaded with 
the centrifugal force, it would assume between the arms the shape 
of a modified catenary, probably an ellipse of which the versine 
of one-half the angle of the arms is the deflection, and of which 
the arms are the piers. 

In a six-armed wheel the angle of the curve with the vertical at 
the pier line is 60 degrees. If, however, we assume any catenary 
for our curve with a known pier angle of, say, 55 degrees, then 
knowing the direction and amount of centrifugal force at the 
intersection of the arms and rim, we easily deduce, from a parallelo- 
gram of the forces, the strain in each arm due to the centrifugal 
force of the rim, to resist which, it and its fastenings should be 
figured in addition to that due to change of speed and its own cen- 
trifugal foree. Between the arms the rim will assume the catenary 
curve only if uniformly loaded. This has a quicker curve at the 
centre, and is flatter at the ends. If loaded more heavily near the 
piers, the result would be quicker curvature at the pier and less 
towards the centre. 

Is it not possible, therefore, in a solid wheel to lay out from the 
arms a parabolical curve with the pier angles slightly less than 
60 degrees? Turn the outer curve of the rim circular and balance 
the area of the rim across the curve of strain. This would make 
it slightly wider at the arms, but the area could be kept the same 
by coring or cutting out at the web. Such a wheel would have no 
tendency to change its shape under strain, as with equal unit 
strains in the rim and arms they would stretch together. Professor 
Unwin, in the formula of the rim tensions, shows them increasing 
towards the arms; but I have seen no suggestions that the area 
of material should increase with the tension. No material error 
would arise by calculating the centre rim tension from a para- 
bolical curve used in rope suspension, taking the chord as the span 
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and the versine as the deflection. The formula is exceedingly 
simple, and in a six-arm wheel the result tallies with the regular 
method. 

In the case of a built-up wheel (Fig. 90), if the outer line of the 
rim be circular, while the inner line between the arms be para- 
bolical or elliptical, with a deeper deflection than the versine, then 
the centre tension in the rim calculated by the parabolical formula 
would be greatly reduced, and by intelligent arrangement of the 


Benjamin 
Fie. 90. 


material the curve of resistance could be made to lie between the 
inner and outer rim and to pass directly through the centre of the 
fastening ; thus it would have little tendency to change its shape. 
The joint would be placed over the arms, where the increased depth 
allows us to design a fastening which has the full strength of the 
centre of .the rim, an advantage of very first importance ; indeed, 
a riveted wrought-iron plate could be made to follow the inner 
curve of the rim to resist the entire tension, simply carrying the 
vast-iron centres as a load. In a later paper I intend to further 
develop this idea of determining the fly-wheel strain, with tabular 
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statements of tensions and such methods of determining the 
curves as I may be able to develop. 

I should like to refer to a fly-wheel to which my attention was 
recently called. It was a built-up wheel with a broad face for a 
belt, and of large diameter. The centres were joined midway 
between the arms and the inner side of the rim where it overliung 
the arms, and between were stiffened with shallow ribs arranged 
in squares. The engine which drives this wheel broke its governor 
belt and raced, but was stopped before any damage occurred. 
Afterwards it was discovered that the wheel was running out of 
true, and an examination showed that out of sixty-two intersec- 
tions of ribs and arms that could be broken by bending, thirty-one 
were cracked. As it does not seem reasonable to suppose that the 
wheel had started to break and had been stopped before the frac- 
ture could be completed, is it not likely that the rim, rendered 
more flexible by the fractures referred to, was able to assume 
the natural curve of the strains, and that after the accident the 
wheel was less liable to further fracture than before the ribs had 
parted ? 

In short, take such a seetion of wheel as that shown. The 
rim is perfectly circular and held in by arms through the cen- 
tre. A circular rim will only keep that curve as long as all 
the strains are in the rim. As soon as this speeds up, the rim 
stretches, but the arms do not stretch; hence the rim, being held 
at points, bows out between. Strains are caused in this portion 
of the wheel from the attempt of the wheel to change its shape 
from that for which it was designed. In such a ease as this the 
portion of the wheel between, with the four ribs, is held down by 
the arm; therefore these ribs would tend to erack in order to 
allow the rim to bend into the new shape. As practically 50 per 
cent. of all these ribs showed incipient cracks, probably just 
enough gave way to let the band section assume the curve that it 
ought to have had if the entire rim was to be placed in tension. 
In addition to this, you take the portion that is overhung—that, 
when it is speeded up, tends to stretch, and it has no arm to hold 
it back; therefore it stretches and goes further out from the axle 
than the central post. That would tend to bend these side ribs 
upwards, and we find that every one of these ribs has the incipient 
crack where, theoretically, we would expect it. Therefore the 
example is a good illustration of what I may be permitted to call 
the rational theory, but does not, to me, present anything remark- 
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able, being exactly what we ought to have expected. If we are 
going to build wheels of a broad face, and expect them to be held 
in towards the hub by arms, we must fasten the arms the full 
width of the rim. In other words, if, as I have been trying to 
bring out, we should figure the rims of fly-wheels not as you 
would figure a boiler, but as a curve that is under strain from the 
radiating lines of force, each section takes the position of a 
pendent rope. But the first condition of a suspension bridge is 
that it shall have piers to support it ; a condition which, in a wheel 
of this kind, is absent. For instance, a suspension bridge might 
be made by taking au piece of boiler plate, bending it at the proper 
curve, and properly loading it. What would be thought if some one 
should then support that plate at each end by a square pier right 
in the middle of its width? It would be absurd, because it would 
throw the strain on the centre seetion of the plate. Now, this is 
what oceurs almost universally in the construction of pulleys and 
band fly-wheels. We put a rim out here, which is to withstand 
the centrifugal force radiating from the centre when disturbed 
by the arms, and support it at one point midway of its breadth, 
instead of aeross the entire width of the rim. 

Prof. Forrest R. Jones.—The lines of experiments which have 
been taken up by Professor Benjamin are especially valuable, 
since they are in a direction leading toward the improvement 
and inereased safety of what has become, on account of the high 
speeds of recent years, a somewhat dangerous part of machinery. 
The strengthening effect of the arms of a fly-wheel seems to be 
shown clearly by the higher speed at which those having six arms 
broke in comparison with that of those having three arms. That 
the pulling-in action of the arms on the rim reduces the circumfer- 
ential tension in the rim due to centrifugal force is unquestionably 
true; hence increasing the number of arms reduces the tensile 
stress in the rim, on account of reducing the tension due to cen- 
trifugal action, as well as reducing the bending stress due to the 
springing out of the rim between the arms. With a very great 
number of arms their action upon the rim would be almost the 
same as that of a solid web, with which the rim might be cut into 
numerous sections and still run at high speed without fracture. 

Since the author of the paper invites suggestions it does not 
seem out of the way to eall attention to the fact that experiments 


made under conditions similar to those which exist in operating 
tly or band wheels would be still more valuable than those already 
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performed. In the ones already made it appears that the speed 
of rotation was practically uniform, or at least slowly and uni- 
formly increased, and that there were no sudden fluctuations of 
speed such as occur in all fly-wheels to some extent, and is 
especially marked in those applied to rolling-mill machinery and 
frequently in wheels which are attached to electric generators for 
power service, where the load may be suddenly increased by the 
throwing into operation of several motors almost simultaneously 
or by short cireuits and grounds. It is a prima facie fact that 
greater stress will be thrown upon some parts of a fly-wheel when 
suddenly checked, as by the operation of a brake to its shaft while 
rotating at a given speed, than if it were allowed to rotate uni- 
formly at that speed. And it might often occur that this addi- 
tional stress would come in some part already highly stressed, 
thus causing rupture, which would not occur with the uniform rota- 
tion of the wheel. It would, therefore, seem that experiments con- 
ducted by bringing the wheel up to some predetermined speed, 
and then checking its rotation by the application of a brake to 
its shaft, would give results nearer to the actual safe speeds than 
those obtained by uniform rotation. 

The conditions which are commonly met in the practical use of 
band wheels could be paralleled experimentally by having an auxil- 
iary pulley with a belt running over it and the band wheel under 
test, and varying the resistance to rotation of the driven pulley by 
a brake applied to its shaft. It seems probable that the wheel 
under test would often be broken in this way at a much slower 
speed than when rotating uniformly. 

Doubtless Professor Benjamin has thought over all this matter, 
and has realized the increased danger and expense of conducting 
experiments more complicated than those already made. And 
probably from his experience he has realized more fully than any 
one else that a rapidly rotating fly-wheel is about as dangerous as 
a charge of dynamite, with all the conditions favorable for its ex- 
plosion at any instant, and that one may well hesitate about so 
complicating the apparatus as to require the presence of any one 
near it while in motion. But still this does not change the fact 
that experiments made under conditions practically analogous as 
those existing when rupture has accidentally occurred in wheels 
in actual use, would be the most valuable that could be made in 
the line of bursting tests upon fly and band wheels. 

Mr, Wm. Wallace Christie——Two or three years ago I con- 
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demned a fly-wheel about 4 feet 6 inches in diameter, for 12-inch 
double belt, turning 300 revolutions per minute, because it turned 
out of truth one-quarter of an inch at the circumference in a direc- 
tion parallel to the shaft—or, in other words, “ wobbled” one- 
quarter of an inch. 

I would like to ask how much of a sidewise movement may be 
considered safe for given diameter, speed, and weight of wheel. 


Fig. 91. 


The wheel in question was taken out and turned true on its 
haft, and is running at the present time. 

Mr. C. Seymour Dutton.—-Professor Benjamin’s account of his 
xperiments with cast-iron wheels is not only of general interest, 
but is, unquestionably, of real value to the designer of large 
Wheels; although, as the author indicates, some allowance must 
made for the fact that small castings are somewhat stronger 
and more reliable than larger masses of the same material. 

It is seldom that the commercial consideration of first cost can 
be entirely neglected in the design or construction of any machin- 
cry, and the expense involved in fly-wheel rims of wire or steel 
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plates has prevented their general consideration, And yet, as 
Professor Benjamin observes, the mortality of cast-iron fly-wheels 
has become alarmingly common. 

The failures being practically confined to wheels having jointed 
rims, seem to indicate that these joints are usually a vreater 
source of weakness than is generally realized, and that solid east 
iron rims of good design are sufliciently strong for any ordinary 
requirements. 

Some of our large engineering works ean make solid wheels of 
almost any desired size or weight; but, unfortunately, most cases 
are limited by the requirements of railroad transportation. 

In consequence a Common practice is to make solid wheels up 
to ten feet in diameter, from ten to twenty feet in halves, and 
exceeding twenty feet in segments 

Joints being thus unavoidable, they should be made as harmless 


Benjamin 


Fia. 92. 


as possible. The tangential stress is, usually, easily provided for , 
but the radial force, if aggravated by the weight of the lugs or 
flanges for the connection of the rim midway between the arms, 
seems to cause nearly all the trouble, and is not so easily handled, 
Radial tension rods, from the hub to the joint (Fig. 91), are 
sometimes used to counteract this force, and if Professor Benja- 
min should continue his valuable investigation, I would suggest 
this device as a subject for a test. 

Another form of rim joint about which I have always liad some 
curiosity is that indicated in Fig. 92. This is intended for 
simple fly-wheels in place of the usual linked joint. The steel tie- 
piece extends entirely through the rim, which is reénforced on the 
inner side to preserve the section. 

Possibly the best solution of the large-wheel problem, in many 
cases, may lie in the location of rim joints at the extremities of 
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the arms, but the construction of two joints in different planes at 
one point, and of the necessary strength, will not always be found 
wholly devoid of difficulty. 

If any of the students of the Case School of Applied Science 
should feel disappointment about their absence from certain recent 
demonstrations in Manila Bay and near Santiago de Cuba, I 
would suggest that they might gain a considerable degree of con- 
solution by assisting Professor Benjamin in his investigation of 
wheels, 

Mr. J. Be Stanwood.—t oceurs to me to ask the author that if 
he has further experiments of this nature to be made, he should 
determine the relative strength of wheels having their joints 


spaced at one-quarter the distance between the arms as compared 
with those having joints midway between (Fig. 93). Recently, in 
wheels made in halves, I have placed the Hanged joint in this 
position, which corresponds closely to the plane of reversal of the 
flexure in a beam fixed at both ends and uniformly loaded. At 
such a plane there is no bending moment, but shear only. 

In connection with the bursting of his wheel No. 14, Professor 
Benjamin shows how the inner edge of the flange acts as a ful- 
crum for the bending moment resulting from centrifugal force 
in that plane, and that in this case, with heavy lugs, the bolts 
failed first. In this connection I would add that I have been 
making the flanged lugs very deep and strong (see Fig. 94), in 
order to reduce the tension on bolts toa minimum. (The bolts 
should be as close to the rim as possible.) The thickness of the 
ange should be enough to resist bending moment. 

It would seem that Professor Benjamin might undertake a 
series of investigations to determine the proper proportions for 
bolts and flanges of rim joints, also the proper location of such a 
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joint to give the maximum strength to the rim. I believe that an 
experimental determination of a joint of maximum strength to be 
very desirable. 

Mr. Me Bride.—| want to say that [am very much interested 
in the wheel business now. I have some interesting data here 
on a wheel which I have in my mind’s eye that I want to lay be- 
fore the Society, and I hope they will be the means of bringing 
out some important points. [have no opinion whatever to offer 
on it myself. [simply submit the facts to the experts. I have 
three views of the wheel T speak of. This large one is a cross 
section through the rim at the point of the arms (Fig. 95). Fig. 
96 is an inside view of the wheel looking from the centre out 
towards the circumference, showing the junction of the arms and 
the rim, and also the connection of the segments between the 
arms. Fig. 97 is a side view of one arm where it is attached to 
a segment. You will notice that the segments are connected 
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together with flanges and bolts. This wheel is of the following 
dimensions: 26 feet in diameter, 904 inches on the face, and runs 
about 53 revolutions per minute. It has on it one 48-inch belt 
and one 34-inch belt. You will notice that this wheel has a very 
large overhang on each side outside of any support it can possibly 
get from the arms except through those brackets. The overhang 
of the 48-inch belt is 52 per cent. outside of the support it gets 
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in the arms, and of the 34-inch belt, 66% per cent., or sixty possible 
places to break where the arm is attached to the rim; that is, at 
this point around the flange where the flange of the end of the 
arm attaches to the flange of the rim, there are sixty places where 
this rib construction can erack or be broken, Thirty-three of 
those are broken, or 55 per cent, Of two hundred other places of 
similar construction which might be broken through shrinkage 
cracks, not a single one is broken—not one. Of the total breaks, 
twenty-one, or 63 per cent., are on the side of the wheel having 
the narrow belt. This is a 2-ineh rib running out, and smaller 
ribs running around. Of the twenty-two ribs crossing the rim 
from the arms—that is, these points here—eight are broken, and 
seven, or 874 per cent., are on the side having the narrow belt. 
Of the twenty-five cracks in the ribs running down, fourteen, or 
56 per cent., are cracks on the side having the narrow belt, 

Mr. John Fritz Al my friends know that Tam not a speaker, 
but as some reference has been made to rolling-mill fly-wheels 
to pieces, I want to that while it is a reflection upon 
the mechanieal and metallurgical engineers who built them, 1] 
would rather build fly-wheels that would not go to pieces at 
any reasonable speed than to talk about them in public. 

My method of designing fly-wheels for machinery is shown in 
the accompanying eut (Fig. 9S), which represents a type of wheel 
for a 25-inch rail train running from 70 to s0 revolutions per 
minute. The wheel is 26 feet in diameter, and was first started 
in 1873, and was in constant use day and night until 1892 or 1898. 

The subject of fly-wheels is of so great importance that I am 
coing to ask to be allowed to present the methods used in getting 
up this wheel and in its fitting and finishing, together with some 
other drawings, as a paper for a future meeting of the Society. 

Mr. Me Bride.—1 see quite a number of tly-wheel makers here 
to-day and I would like to ask them, if it is not giving away trade 
secrets, if they pursue any method of using a certain factor of 
afety for fly-wheels ; whether they design a wheel to run at 60 
revolutions a minute, if you please; whether they make that 
strong enough to stand twice 60 or three times 60 or any other 
number of 60, or whether they simply make it strong enough to 
tind at 60 and take their chances on going to pieces. When a 
man builds a boiler or builds a bridge he tries to incorporate in 
it a certain factor of safety, and he makes it many times stronger 
than any load that is likely to be brought on it, and T would like 
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to know if anything of that kind is pursued in the construction 
of fly-wheels. 

Mr, Frite.-1 would like to say this with regard to the wheels: 
A very prominent engineer saw one of those wheels, and asked 
me: “ Haven't you got that wheel stronger than there is any use 
for it?” Tsaid, don’t know ; if it is 


Mr. Henning.—1 have stood alongside of Mr. Fritz’s wheels and 


I will never know it.” 


know that they run pretty nearly true. L don’t think [ ever saw 
one run a sixteenth of an inch out of true, trying it by holding 
it point close to the pulley to see how it did run. Occasionally 
the engines did run faster than they ought to, but the engines 
were always stopped before the wheels LiLve Wity. I know the 
design Mr. Fritz has adopted has never given any trouble, 
because he recognized several things in) construction which 
many engineers using cast iron, even at the present day, do not 
recognize, and from that point of view L should like to answer Mr. 
MeBride’s inquiry, The factor of safety, of COUrse, is ik certain 
constant, provided the quality of the material is known. ‘There 
ure no means, at the present time, of knowing what the actual 
strength a block of cast iron cast twelve inches square may be. 
Twelve inches square is a reasonable section for a fly-wheel rim. 
The outside metal has a certain strength, while the metal near 
the centre is very different. It may not have any resistance what- 
ever, on account of piping or crystallization or internal strain. If 
the factor of safety were proper, there would be no more dan- 
per of the breaking of the Hy-wheel, because there would be 
ample strength in every case. On the other hand, the elastie 
deflections in fly-wheels [ believe are never caleulated, and we 
know that the elastic changes of shape of tly-wheels are three 
times as great as those of steel and two and a half times as great 
as those of wrought iron. We know the modulus of elasticity of 
cast iron runs somewhere from nine millions to eleven and a half 
millions, while steel runs from twenty-seven millions up to thirty- 
one millions. Wrought iron is twenty-four millions to twenty-six 
millions. Now, the stretch of these arms is all dependent on that 
difference in figures from thirty-one millions down to nine mil- 
lions, and the change of a shape of fly-wheel is exactly proportion- 
ate to that difference in moduli. Everybody considers that 
cast ron is the most rigid material in use. It is just the reverse. 
It is the most flexible and most elastic. That is, for the same 


load cast iron will stretch or change its shape three times as 
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much as steel and two and a half times as much as wrought iron. 
Therefore extra provision ought to be made, which is rarely made. 
What Mr. Fritz does by casting the rims hollow is this—he 
obtains thin sections, the strength of which is fairly well known. 

Nothing is known of the actual strength of cast-iron beams 
having sections such as are used in solid rims of large fly-wheels. 
The strength of casting more than three inches thick is very uncer- 
tain, and vastly less than given by calculation of strength based 
on book constants. If the distortion of a wheel is prevented, just 
exactly as Mr. Fritz does, by vertical flanges, then it is stiffened 
in proportion to the eube of depth. Therefore it can thus be 
stiffened in a larger proportion than by adding weight in the 
shape of a solid block, making the rims strong enough. They 
must be sufficiently rigid to withstand the distortion in the other 
parts of the wheels. That, under abnormal conditions, is very 
great. Distortion is also due, not to the resistance of the cast 
iron, but entirely and alone to its flexibility or elastic distortion 
under loads, which is nearly three times as great as steel and two 
and a half times that of wrought iron. Therefore, in Mr. Fritz’s 
wheel, which has very deep arms, he does the very thing that 
is necessary to make a wheel stiff and rigid. Ile designs for 
rigidity under loads. In wrought iron or steel it would be quite 
different. In using cast iron it should be used in shapes in 
which its rigidity will resist for elastic distortion under load and 
there will be no trouble. The trouble with nearly all fly-wheels 
that break is this, that the essential factors of strength, actual 
rigidity and resistance to change of shape, are not properly pro- 
vided for, while they are provided for in the designs for which 
Mr. Fritz is responsible. 

Mr. Jesse M. Smith.—There are two classes of fly-wheels : first, 
those that are used simply to carry the shaft around, and having 
a section of rim which is very thick and rather narrow. The 
second are the band wheels, having a very thin and wide rim. It 
is the band wheels which give the trouble. This section which Mr. 
Fritz has proposed is admirable for a mere inertia wheel, and en- 
ables him to get good material in the best shape to resist the strain 
which comes upon the wheel. But this wheel which is shown on the 
board is a band wheel and must, necessarily, be very wide. The 
shape of what are intended to be strengthening ribs can be modi- 
fied so as to give a rim of uniform strength ; that is, the ribs may 
be tapering from the arms, which is the point where tle moment 
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of forces is greatest, to a point midway between the arms where 
the moment is least. Now, it has occurred to me that in the case 
where Mr. Benjamin places the joint midway between the arms 
(Hig. 81), and he increases the thickness of the flanges to get ad- 
ditional strength, he also increases the weights, so that this joint 
tends towards its own destruction, because the greater weight has 
the greater centrifugal force. It would seem, therefore, that if it 
is possible it would be better to have the joints at the arms where 
the centrifugal foree can be directly counteracted by the tension 
of the arms. 

I agree with Mr. Fritz that the hollow rim adapts itself admira- 
bly to the strains brought upon it by centrifugal force, and there 
is no reason, even in a band wheel, why the thickness of the inner 
and outer walls of the rim may not be varied at each section so as 
to exactly meet the strain at that section. I think, however, it 
would be a more expensive wheel to build than that with thin rim 
and ribs which we usually find in practice; but the hollow rim 
construction is certainly capable of producing a much stronger 
and better wheel. 

Mr. Henniny.—1 would like to call attention to one statement 
that Mr. Smith made. Many wheels are designed for uniform 
resistance of every part. That is the very thing which is wrong. 
It is not uniform resistance—it is uniform rigidity which must be 
provided. If there is uniform resistance, then the parts which 
deflect more will, of course, affect the others, and it is not a ques. 
tion of resistance at all; it is a question of rigidity. If the wheels 
were designed for uniform rigidity under the varying conditions of 
the material in them, then there would be less liability to fracture. 

Prof. Chas. Il. Benjamin.*—I am glad that this paper has 
brought out such a full discussion and so many valuable sug- 
gestions as to further experiments. 

The suggestion of Professor Jones in regard to sudden changes 
of speed is very worthy of consideration. It is difficult, however, 
to effeet such changes with safety to the operator. 

Whatever belts, secondary pulleys, ete., are used would need 
to be included in the shield and would all be destroyed at each 
experiment. 

It may, however, be possible to stop the shaft of the fly-wheel 
itself rather suddenly by means of a brake acting on this shaft 
outside the shield. 


* Author's closure, under the Rules, 
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It seems to me that the joint suggested by Mr. Stanwood and 
shown in Fig. 93, 7. ¢., the joint at the point of inflection of the 
rim, is one solution of the difficulty. 

Tam having some model wheels constructed with joints so 
located, and intend to test them the coming year. It is to be 
noted that moving the flange also changes the point of inflection. 
The enlargement of the flange shown in Fig. 94 of Mr. Stanwood’s 
discussion I consider a mistake, as the additional weight thus 
concentrated at the joint will more than neutralize any advantage 
gained. It must also be remembered that the flange is likely to 
be broken at the bolt holes by the bending moment due to the 
pressure at the fulerum (Fig. 94). 

IT am having made several models of wheels with various forms 
of link and “ prisoner” joints, such as are used in rolling mill and 
blowing engines. There is no reason why wheels of this character 
should not be amply strong. The section of the rim is that best 
calculated to resist bending, and admits of reliable connections at 
the joints in the direct line of stress. The two experiments on 
link joints jn the paper show the comparative safety of this type. 
It is the fly band wheel with its wide, thin rim which presents the 
more diffieult problem, and it is on this type of rim that there is 
need of further experiment. 

In this connection it might be well to mention the danger from 
generator pulleys which run at a high speed and are balanced by 
bolting heavy weights on the inside of the rim at its thinnest 
section. 

The rim is thus further weakened by the hole which is drilled 
for the rivet or bolt, and the balance weight adds to the centrifu- 
gal force without adding to the strength. An example of this is 
shown in the December number of /?over. 

I am sorry that none of the members have offered an explana- 
tion of the shearing force which is so apparent in some of the 
flange joints, nearly shearing the bolts in two in one instance (see 
p. 219, and Fig. 85). It is generally supposed that midway between 
the arms is a point of maximum bending moment and zero shear. 

I hope to make another series of experiments during the coming 
year on various shapes of rim and styles of joint, including wheels 
with steel spokes. 

If it proves feasible to photograph some of these wheels at the 


instant of rupture, the pictures thus obtained will probably throw 
still more light on the problem. 
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THE MECHANICAL PLANT OF A MODERN COMMER- 
CIAL BUILDING. 


BY WILLIAM H. BRYAN, ST. LOUIS, MO, 


(Member of the Society.) 


THE modern commercial building is, in many respects, an en- 
gineering structure. The problems of foundations, design of 
frame and walls for the desired loads and wind pressures, the 
plumbing and sanitary arrangements, call for engineering skill 
of the highest order. This paper, however, will be confined to 
the discussion of the mechanical, steam, and electrical plants, 
which are of fully equal importance. 

It is now generally admitted that no features of the modern 
building stand in greater need of consideration by specialists. 
Such treatment has always been desirable, and is more so to-day 
than ever, on account of the wide variety of service required 
and the improvements which are constantly being made. 

These considerations involve first of all: 

The Potler Plant, which necessitates the determination of the 
average and maximum requirements of all the steam cylinders 
and other steam-using apparatus in the building. It also in- 
volves consideration of the characteristics of the fuel and water 
to be used, the selection of the type of boiler, the smoke flue 
and chimney, and usually the prevention of smoke. 

Next in importance comes the question of /?vwer development 
and distribution; its average and maximum amounts; whether 
steady or fluctuating. Which of the many types of modern 
steam engines shall be adopted; the number and size of units ; 
whether high or low speed ; simple or compound ; condensing 
or non condensing ; direct-connected or belted? Shall the power 
be distributed by shafting, belting, rope-drive, electricity, com- 
pressed air, or what not? 


* Presented at the New York meeting (December, 1898) of the American Society 
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The Lighting system comes next in importance. In these 
days illumination by electricity is almost a foregone conclusion. 
Shall the current be supplied from a central station, or generated 
within the building? Shall the lighting be by ares or incan- 
descents ; or if in combination, how distributed? Shall motors 
be driven from the same apparatus? What system of distribu- 
tion shall be employed ; what voltage—110 or 220; what charac- 
ter of current direct or alternating? Tf an isolated plant is in- 
stalled, what shall be the number and size of units; shall they 
be direct-connected or belted; what as to their general charac- 
teristics? Shall the units be independent, or shall they be con- 
nected by some scheme of shafting or clutches? What switch- 
board facilities are necessary? What indicating and recording 
instruments, switches, safeties, ete.? Shall the are lamps be of 
the open or enclosed type, operated in series or multiple ? 
What voltages, efficiencies, and candle powers shall be employed 
for the inecandescents ? What shall be the general character of 
the wiring 


«, its percentage of drop, and its subdivision into see- 
tions for independent control by switches ? 

The “levator system is a feature of prime importance. How 
many elevators shall there be; where located? How many 
passenger, and how many freight; how many auxiliaries, such 
as dumb waiters, ash hoists, ete.2 What shall be the elevator 
loads and speeds? How shall they be driven? If by steam, 
whether belted or direct? If of the hydraulic pattern, shall 
they be high or low pressure ; with horizontal or vertical eylin- 
ders? What type of pumping machinery shall be used—the 
old style direct-acting duplex with simple high-pressure cylin- 
ders; the same engine fitted with compound eylinders ; the sim- 
ple crank and fly-wheel pattern; or the more modern compound 
or triple-expansion crank and fly-wheel “ high duty” engine ? 
Shall it be provided with condensers? If the elevators are to 
be operated by electricity, at what voltage? Direct or belted ; 
how counterbalanced, and provided with what automatic and 
safety devices ? 

The Heating and Ventilating systems are by no means of least 
importance. Shall the system be hot air, hot water, or steam, 
or a combination of them ? If hot air or indirect, shall it be by 
the natural, or hot blast system? If hot water, shall it be nat- 


ural circulation, or by pumping? If by steam, what shall be 
the pressure carried, the type of radiation, its amount and dis- 
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tribution? What system of piping shall be employed? How 
many changes of air per hour are required, and shall it be by 
natural or forced circulation ? 

Very closely allied to the heating plant is the Steam Pipe sys- 
tem connecting the boilers, engines, pumps, heaters, receivers, 
ete., with their accompanying valves, regulators, covering, blow- 
offs, ete., forming in a large building a very complicated system, 
permitting the utilization of the exhaust from the engines and 
pumps for heating. The general arrangement of this work, and 
the selection of the proper apparatus, all demand the most care- 
ful study. 

The above may serve to indicate that the problems under con- 
sideration involve a wide range of engineering experience and 
research, and necessitate the reaching of conclusions in regard 
to many matters on which there is room for divergence of 
opinion. 

Each type of building must, of course, be considered as an 
independent problem. The mechanical requirements of the 
modern office building, for instance, are quite different from 
those of the modern hotel or apartment house. Both differ 
radically in their requirements from business houses. Even 
here the retail store involves considerations quite different from 
the wholesale store or warehouse. Peculiarities of trade affect 
even different houses in the same general line. It is impossible, 
therefore, to draught general rules. Each installation must be 
studied with reference to its own peculiarities. 

The author submits with some diffidence the methods em- 
ployed in designing the equipment for a large building recently 
constructed in St. Louis. It is not claimed that they involve 
anything particularly original, or that any special or unusual 
difficulties were encountered. It is offered simply as an ex- 
ample of what is believed to be good current practice. In some 
respects the solutions reached may appear novel, and the com- 
bination of so large a number of desirable features in a single 
plant may be said to have marked an era in this field of work in 
this section of the country. It is believed that in adaptability 
to somewhat peculiar conditions of service, and in low first cost, 
as well as low cost of operation and maintenance, the installa- 
tion is at least interesting. 

A front view of the building is shown in Fig. 99. Itis a brick 
and stone building, of the character known as “standard slow 
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combustion,” as detined by the Board of Fire Underwriters. It is 
owned by the Commerce Realty Company, and is situated on the 
north side of Washington Avenue, about midway of the block be- 
tween Ninth and Tenth streets. Its ground space is 109 feet 
front by 225} feet deep, and it is eight stories high, besides base- 
ment. Fig. 100 is a basement plan ; Fig. 101, first floor; Fig. 102, 
a characteristic upper floor; Fig. 103, the eighth or top floor, 
and Fig. 104 a cross section showing elevations and heights of 
stories. The tenants are the Hagadine—-McKittrick Dry Goods 
Company, an old established wholesale firm, located for many 
years at the southeast corner of Eighth Street and Washington 
Avenue, occupying a building of less than half the floor area 
of the new one. These facilities having become inadequate for 
their business, arrangements were made in the fall of 1897 for 
the erection of a new building. The architects of the new 
building were Messrs. Eames & Young, of St. Louis, who, at an 
early stage of the work, called into association with them as 
advisory and consulting engineers the firm of Bryan & Hum- 
phrey. Ground was broken November 16, 1897, and the work 
was pushed urgently when the weather permitted, and for part 
of the time night and day. The tenants moved in on June 1, 
1898, partial service from the mechanical plant being then 
available, and complete service being furnished shortly there- 
after. 

In the designing of this plant, a prime consideration—and 
one which always presents itself—was the necessity of getting 
a high-grade installation for as little first cost as possible. 
Owners, as a rule, object to paying an advance for machinery of 
higher efficiency, unless the results have been demonstrated so 
often as to be beyond question, and even then they hesitate, or 
expect the tenants to pay the difference. A distinction must, of 
course, be made between apparatus of established merit and of 
proven adaptability to the case in hand, and what may be 
termed “refinements”—good in themselves, but of doubtful 
value under the expected conditions of operation. 

To begin with, the location and character of the building, and 
the work to be carried on in it, were discussed by the architects 
and engineers, in consultation with the owners of the building 
and their prospective tenants, including the heads of the dif- 
ferent departments rnd floors, and their operating engineer. 
Having determined on the general character of the plant as 
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nearly as possible, detail plans and specifications were prepared, 
and tenders were solicited from a limited number of experienced 
and responsible bidders. 

There were, of course, some features which could not be 
definitely decided upon in advance. The capacity of the boiler 
plant, for instance, as will be shown later, depends wholly 
upon the type of steam engines and elevator mechanism 
adopted, the most inefficient requiring nearly twice as much 
boiler capacity as the most efficient. There was, as usual, con- 
siderable controversy over the type of elevators to be adopted. 
All the modern types—eleetrical, hydraulic, and even steam— 
were warmly advocated. The size and character of the elec- 
trical plant, and arrangement of the engines and boiler room, 
could not be settled until these matters were disposed of. 

The work of preparing detailed plans and specifications was 
taken actively in hand about January 10, 1898, and they were 
completed and sent out about February Ist, bids being asked 
for until noon, February 16, 1898. The specificaticns were, in 
general, in line with the suggestions made by the author in the 
paper presented at the Niagara meeting of the Society on “The 
Relations Between the Purchaser, the Engineer, and the Manu- 
facturer” (Transactions, vol. xix). They embodied the follow- 
ing divisions : 

First : The “ Notice to Bidders,” indicating the time and place 
of receiving bids ; the manner of their preparation, whether on 
single or combined sections; each bid to be in good faith, not 
requiring later approval; the bids themselves to become the 
property of the purchaser, and not be returned. The tenders 
were to be made on proposal forms which were given the bid- 
ders, and not on their regular forms. 

This was followed by the “General Provisions,” covering the 
conditions under which the different divisions of the work were 
to be executed, such as replacing of unsatisfactory work and 
material; supervision; the decision of disputed points ; com- 
pliance with laws, ordinances, and underwriter’s rules ; changes, 
how made ; damage done to building by contractor ; Course to 
be pursued in case of failure or delay by the contractor ; time 
of beginning and completing the work; deduction for delay in 
completion; services of expert; standard of excellence, where 
special makes of goods are mentioned by name; guarantee of 
one year on all parts of the work ; accuracy of data furnished, 
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contractor being required to verify same and see that the plant 
went together properly; the requirement of bond; and terms 
of payment. As nearly every section required foundations, a 
paragraph was added covering once for all the character of 
foundation required, the method of conducting the work, ete. 
The foundations, by the way, were to be built of concrete, of 
Atlas or Empire American Portland cement, one part of which 
was mixed with three parts of sand, and four to five parts of 
crushed macadam, cleaned and screened. 

Following these come the different sections of the work itself, 
as follows : 

Section A. The Steam-Boiler Plant, including furnaces, brick- 
work, smoke flue, ete. 

Section B. The Elevator System; bids being invited on hy- 
draulic, electrical, and steam, erected complete. 

Section C. Dynamos and Switchboard ; provision being made 
for additional capacity in case electric elevators were adopted. 

Section D. Steam Engines for Driving the Dynamos ; the 
specifications being written for compound engines, proposals 
being also invited on simple engines. 

Section E. Wiring, Cables, Are Lamps, Incandescent Lamps, 
Fans, and Fan Motors for ventilating. 

Section F. Steam Heating System; the specifications cover- 
ing a plant designed to operate under the most unfavorable con- 
ditions with very low steam pressure, proposals being also in- 
vited on the Paul and Webster Systems of air removal, with the 
privilege of rearranging the work to suit these systems, and re 
ducing the amount of radiating surface, the size of mains, ete., if 
desired, while guaranteeing to do the same work. 

Section G. Large and High-Pressure Pipework, including 
connections between boilers, engines, free exhaust, ete. The 
details of this section could not, of course, be worked out until 
a decision was reached as to the boilers, engines, and elevators. 

The discussion of these sections will now be taken up in 
order : 


Section A—The Boiler Plant. 


Steam was required in this building for three purposes : 
Heating, lighting, and elevator service. 
As shown later, the maximum amount of steam required for 
heating was about 250 boiler horse-power. Careful computa- 
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tions showed that more than this amount would be necessary 
for the lighting and elevator service, even with the most eco- 
nomical steam engines. As there would always be a surplus of 
exhaust steam available for heating, it was evident that the heat- 
ing requirements need not be considerd further as a factor in 
determining boiler capacity. 

The maximum electrical requirements are shown later herein 
to be about 150 kilowatts-—exclusive of the elevators—or about 
200 electrical horse-power. Assuming a combined efficiency of 
engine and dynamo unit, from steam cylinders to To of 
8) per cent., the maximum indicated horse-powe ris 200. Using 
simple steam engines at a water rate of 40 se per indicated 
horse-power per hour, the steam requirements would be 10,000 
pounds per hour; or, for compound engines at 28 pounds of 
water per indicated hoesesounen per hour, 7,000. These being 
divided by 30 to reduce them to boiler horse-power, give us 333 
for the former, and 233 for the latter. 

The efficiencies above assumed are not, of course, accurate, 
nor is the statement of the unit of boiler horse-power ; but they 
are believed to be sufficiently close for the present sntneue, in 
view of the impossibility of determining accurately in advance 
what the work will be, and the further fact that the plant would 
rarely be operated under conditions favorable to the highest 
economies. The boiler horse-power required to operate the 
elevators is shown later to be as follows : 

For steam elevators, 67 indicated horse-power, at 100 pounds water rate, 
+ 30... 205 


For hydraulic elevators, with simple Seale x pumps, 75 indicated horse- 
For hydraulic elevators, with compound steam pumps, 75 indie ated horse- 
For hydraulic elevators, with high duty pumping engines, 75 indicated 
horse-power, at 28 + 30............. 70 
For electric elevators, with dynamos driven ™ siiagie engines, 75 indicated 
horse-power, at 40 + 30. ............... 100 
For electric elevators, if driven by compound engines, 75 indicated horse- 


The following table shows some of the combinations which 
were possible, all of which were under serious consideration. 
It will be seen that the maximum steam requirements for elec- 
trical and elevator service might vary all the way between 303 
and 58° boiler horse-power. 
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Compound dynamo engines and electric 

Compound dynamo engines and hydraulic elevators, driven by high duty 
pumping engines .... 

Compound dynamo engines and hydraulic elevators, driven by ordinary 
duplex compound pumps. 

Simple dynamo engines and electric elevators 

Compound dynamo engines and steam elevators. ......... 

Simple dynamo engines and hydraulic elevators, driven by compound duplex 

Simple dynamo engines and steam elevators .. 

Simple dynamo engines and hydraulic elevators, aon by simple duplex 


After due consideration, it was decided to ask for proposals on 
three boilers, each having a rated capacity of 6,000 pounds of 
water per hour, with feed water at 212 degrees into dry steam 
of 125 pounds pressure above atmosphere, equivalent to 181.7 
horse-power each, at the Society’s standard of 30 pounds from 
feed at 109 degrees Fahr. to steam at 70 pounds, gauge pressure. 
Each boiler was to be capable of doing this work continuously 
with natural draught under regular working conditions, and of 
being overworked one-third in emergencies. It was assumed 
that this capacity would probably take care of the building ; two 
boilers being operated regularly, and the third being held in 
reserve for cleaning or repairs, or used on rare occasions of un- 
usually large demands. There was, at that time, considerable 
doubt as to whether the owners could be induced to put in the 
most economical type of apparatus. ‘The capacity was purposely 
stated in pounds of water to be evaporated per hour, rather 
than in horse-power, so as to avoid discussing the question 
of heating surface per horse-power adopted by the different 
makers. 

The next question was as to type of boiler—whether of the 
water-tube or of the ordinary horizontal return tubular variety. 
The writer’s experience had led to the conclusion that the water- 
tube boiler possesses three important advantages : 

Ist. Large capacity in small space. 

2/7. Large capacity in single units. 

37. Safety—particularly with the higher pressures required 
for modern steam plants of high efficiency. 

On the other hand, the ordinary boiler has the advantage of 
lower first cost—particularly in the smaller units; simplicity, 
and ease of being cared for. 
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In the above comparison no preference is given to either type 
of boiler on the score of efticiency; it being the opinion of the 
author that there is no material difference, assuming that both 
boilers are designed, constructed, operated, and maintained with 
equal intelligence. It is undoubtedly true that water-tube 
boilers are actually showing better fuel economy all over the 
country than the average ordinary boilers, but the latter installa- 
tions are usually small, and rarely receive the skilled attention 
in their construction and operation given the water-tube boiler. 

A consideration of the requirements of the present plant 
clearly “indicated” the adoption of the water-tube boiler, and 
the specifications were drawn accordingly. 

Bidders on Section A were asked to submit with their pro- 
posuls the following data, in order that intelligent comparison 
of the bids might be made : 


Make of boiler. 
Number and dimensions of drums. 
Number and dimensions of tubes. 

Heating and grate surface. 

Type of smokeless furnace offered. 


The specifications for Section A covered the boilers erected 
in places, with all the usual fixtures and fittings, brickwork, and 
smoke flne leading to chimney. 

The general scheme of the boiler room as originally outlined 
and as actually adopted is shown in Fig. 105. The boilers were 
designed to burn low-grade slack and nut coal from southern 
Illinois, and to use St. Louis hydrant water. The boilers and 
furnaces were to have a combined efticiency of at least 70 per 
cent. of the calorific value of the fuel when operating at any- 
where between their rated capacity and 20 per cent. above. 
The evaporative trials to be made with a coal equivalent to 
Mount Olive lump, having a calorific value of not less than 
11,000 British thermal units per pound. The entrainment was 
not to exceed 1 per cent. when operated at rating, or 14 per cent. 
when operated at one-third above rating. The working pressure 
was to be 125 pounds, with a factor of safety of 5. The boilers 
were to be submitted to a hydrostatic pressure test of 50 per 
cent. greater. 

Material in shells and heads was to conform to the latest 
17 
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specifications of the American Boiler Manufacturers’ Associa- 
tion, as follows: Steel to be open-hearth flange or fire-box. 
Tensile strength, 55,000 to 62,000 pounds per square inch ; 
elastic limit, one-half the ultimate ; elongation, at least 30 per 
cent. in 8 inches; maximum phosphorus, .03 per cent.; maximum 


sulphur, .025 per cent. Material to stand bending double on 
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itself, both cold and after being quenched in water of 70 degrees 
Fahr. temperature. The tubes were to be 3} or 4 inches ex- 
ternal diameter, of best charcoal iron or soft steel, well expanded 
into tapering holes, which were either to be drilled out or 
punched and reamed. The rivets were to be capable of bending 
double on themselves, both cold and after being heated and 
quenched. Rivet holes were not to be more than one-sixteenth 
larger than rivets, and to be punched one-eighth inch smaller 
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than rivets, and then reamed out full size. The improper use 
of the drift pin was prohibited. The other detail requirements 
of the specifications did not involve anything special, except 
that a stairway was to be provided, affording ready access to 
the tops of boilers. The contractor was to look after the e ty 
and insurance tests, and turn the boilers over ready for opera- 
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tion. Dampers were to be provided so as to be readily controlled 
and adjusted from the front of boilers. 

The contractor was to furnish and attach to each boiler a 
smokeless furnace, equivalent in capacity, efficiency, and smoke- 
lessness to the down-draught with lower grate. This requirement 
was inserted for two reasons: First, this type of furnace un- 
questionably improves the fuel efficiency of the boilers ; and, 
second, the plant being located in the heart of the city, it was 
desired to avoid any smoke nuisance, although the city smoke 
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ordinance has been declared invalid by the Supreme Court of 
the State. 

The writer specified the same form of fire doors which he first 
used in the summer of 1897, opening across the entire width of 
the grate surface, permitting access to all parts of it for obser- 
vation, slicing, and cleaning. This has proved a very desirable 
feature in practice, as the upper doors of down-draught furnaces 
usually stand open, and a central division or column is very 
much in the way. 

Very few smokeless furnaces have been successful with the 
low-grade fuels burned in St. Louis. The automatic stokers, 
firebrick arches, and steam jets have met with limited success 
under favorable conditions, but have not proved themselves 
adapted for excessive and fluctuating loads, nor have they demon- 
strated any large fuel economy. The down-draught furnace, 
therefore, appears to be the only device which can be recom- 
mended with confidence, and even it is not always available, on 
account of its first cost, and its lability to injury if ignorantly 
or carelessly handled. 

The chimney (Fig. 104) was included in the building contract. 
It was located inside a square brick shaft, and was made of 
riveted steel } inch thick, resting on a substantial cast-iron 
foot plate. It was lined its entire length with firebrick. Its 
dimensions were 48 inches internal diameter by about 135 feet 
high, above floor level of boiler room. It would ordinarily be 
rated at about 400 horse-power. The dimensions were decided 
upon when the building was begun, before any of the computa- 
tions as to actual steam requirements had been made. It was 
assumed that only two boilers would ever be operated at one 
time, and that the stack could be overworked in emergencies, as 
experience has shown to be possible. 


Section Aa— Horizontal Return Tubular Boilers. 


Thinking that the cost of the water-tube boilers might be 
greater than the owners cared to invest, it was decided to ask 
for alternate proposals on horizontal return tubular boilers of 
as nearly the same capacity as possible. The plant was divided 
into four units, three of which were to be able to do as much 
work as two of the water-tube boilers. The size best suited to 
the space available was 66 inches in diameter by 20 feet long, 
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with sixty-four 4-inch tubes 20 feet long. At 12 square feet 
heating surface per horse-power, these boilers would be rated at 
131 horse-power each, or 393 for three, and 524 for the entire 
plant. 

The chief advantage of boilers of this type is supposed to be 
lower first cost, although this disappears, to some extent, on 
large boilers built for high pressures. The belief is common 
that such boilers cost less for repairs, and are more easily 
operated and cleaned, than the water-tube boiler. While these 
claims have been proven in some cases, the opposite has also 
been shown to be true in other instances, so that the truth of 
either proposition cannot be said to have been established 
as yet. 

The ordinary boilers designed for this plant are shown and 
briefly described in the author's discussion of Mr. Woolson’s 
paper on “The Hanging and Setting of the Horizontal Fire- 
Tube Boiler,” read at the Niagara meeting of the Society (vol. 
xix., Transactions’. The design embodies what the writer 
believes to be many excellent features, together with propor- 
tions which are intended to insure the highest possible fuel 
efficiency obtainable with low-grade fuels which come to the 
St. Louis market. The general features of the water-tube 
specifications were preserved, except that no guarantee was 
required as to capacity, efficiency, or entrainment, as it would 
have been unfair to have held the manufacturer responsible for 
a design in which he had no part. The fittings and general 
construction were high grade in every respect, so as to be 
strictly comparable with water-tube work. 


Section B—The Elevator System. 


This division presented the most complicated problem en- 
countered, and one on which there was the widest difference of 
opinion among interested parties. Steam elevators had been 
used by the tenants in the old building with entire satisfaction. 
The architects had recently installed in a large system of ware- 
houses a modern high-pressure hydraulic plant, which had 
displaced a system of steam elevators, and had made an enor- 
mous fuel saving. The engineers had devoted considerable 
time to the study of modern electrical elevators, and recognized 
that they were destined to come into extensive use. They were 
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not, however, fully convinced that this was the proper system 
to adopt in the present instance, and were fully aware of the 
advantages of the other two types. It was decided, therefore, 
to so word the specifications that comparative bids would be 
received on all three types. 

Some interesting data were secured from the tenant’s old 
plant. Tests were made on their single passenger and three 
freight elevators on an average busy day. It was found that 
the passenger elevator was in actual motion 47 per cent. of the 
time, and the freight elevators, 35 per cent. of the time. To 
determine the loading of the passenger elevators, the 6 foot by 
6 foot car was filled with people who happened to be conducting 
business in the store at the time. Eighteen were crowded into 
the car. Estimating their weight at 2,700 pounds, the loading 
was 75 pounds per square foot, which would seem to be a safe 
figure for passenger cars. 

The tenants indicated their elevator requirements as follows 
(see Fig. 101): There were to be two passenger elevators (Nos. 7 
and 8), located in the southeast corner of the building, each to 
have a safe carrying capacity of 2,500 pounds of live load at a 
maximum speed of 300 feet per minute. These elevators were 
to be operated by conductors and to run between basement and 
top floor, stopping at all floors. The other six elevators were to 
earry freight only. The two southwest elevators (Nos. 1 and 2) 
were to be operated by conductors, and to have a capacity of 
3,500 pounds at a speed of 225 feet, operating from basement to 
top floor, stopping at all floors. Their duties were to carry sold 
goods up to the top floor to be packed for shipment. The 
northwest (Nos. 3 and 4) and northeast elevators (Nos. 5 and 6) 
were to carry 4,000 pounds at 150 feet. The northeast elevators 
were to be operated by porters, to carry packed goods in both 
directions, stopping at all floors. The northwest elevators were 
to carry packed goods from the eighth floor to shipping room. 
They did not run to the basement, nor stop at intermediate 
floors, and were operated without attendants on the cars. The 
dumbwaiter was to be of the electrical type, designed to carry 
200 pounds 100 feet per minute. The contractor was to provide 
ornamental metallic gates on each floor for passenger elevator 
shafts. Separate proposals were invited for safety gates at the 
freight elevator doorways on all floors. 

The original specifications were written to cover hydraulic 
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elevators, alternative proposals being invited on electric and 
steam machines capable of doing the same work. Contractor 
was to furnish the machinery complete ready for service, and 
allow $300 for each passenger car. The travel of the northwest 
elevator was about 87 feet, and that of all others 105 feet. 
Working steam pressure, 120 pounds. The water pressure for 
the hydraulics was not to exceed 750 pounds at the pumps. 
Guide posts, of steel. Cables to be of such number, dimensions, 
and strength that in case half of them should fail simultaneously, 
the remaining half would carry the maximum load, with a factor 
of safety of 4. Counterbalancing was to be employed as far as 
possible. Complete safety devices were to be supplied, prevent- 
ing excessive speeds in either direction ; automatic stops at end 
of travel, and other features, such as slack cable stops, buffers, 
grips, ete. The pumping engines were to be two in number, 
each sufficiently large to handle the plant at a piston speed not 
exceeding 100 feet per minute, with the aid of the accumulator. 
Both pumps were to be of the horizontal direct-acting duplex 
type with compound steam cylinders, and outside packed water 
plungers. One was to be of the high duty pattern, having a 

rater rate of not over 28 pounds per indicated horse-power 
hour. The other pump was to be of the ordinary duplex pat- 
tern, with a water rate not exceeding 60 pounds per indicated 
horse-power hour. There was to be a weighted mechanical 
accumulator for the hydraulic system of such capacity that with 
six elevators operating continuously in the same direction, stop- 
ping only at the top and bottom floors, and one pump in opera- 
tion at not exceeding 100 feet piston speed, the elevators would 
do the specified service. The discharge tank was to be located 
in the attic. Contractor was to furnish and erect all necessary 
apparatus, and do all water piping. He was to furnish the 
lubricating apparatus, paint the plant, and submit it to such tests 
as the engineers might require. 

The determining of the horse-power required to operate the 
elevator plant presented many difficulties. There was at that 
time—and still is—a lack of authentic data as to elevator per- 
formance covering wide ranges of service, and it is still impos- 
sible to make such computations accurately. Extreme accuracy, 
however, is not necessary, in view of the fact that it is impos- 
sible to predict what the average loads and percentages of time 
in operation will actually be in a prospective plant. 
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The problem was finally solved for hydraulic elevators in the 
following manner: The average net horse-power required by 
each freight elevator lifting its full live load was 20  horse- 
power, and for each passenger elevator 22) horse-power. There 
were six of the former in operation one-third of the time, but as 
they use no power coming down, the average work done was 20 
net horse-power. The two passenger elevators were assumed 
to be in operation one-half of the time, and their requirements 
were, therefore, 11} ; a total for the eight machines of 31} net 
average horse-power. Assuming an average efficiency of 55 per 
cent. from water end of the pump to work done, the horse-power 
of water end of the pump would be 56. On the basis of a me- 
chanical efficiency of 75 per cent. for the pump, the indicated 
horse-power of the steam end is 75, the figure already used in 
determining the boiler capacity. 

The electric elevators, however, presented greater complica- 
tions. ‘Tests have shown that where drum machines are coun- 
terbalanced to half the average load, and where the same total 
load is carried both up and down, the net work done is simply 
that necessary to overcome friction, plus an allowance to cover 
the “surge” of energy required at each start. A study of this 
subject, in connection with records of tests made on similar 
plants, indicated that when operated under favorable conditions 
of loads, counterbalancing, frequency of stops, ete., these eleva- 
tors should have an efficiency, running in both directions, about 
as follows: 


The two passenger elevators.................. 34 kilowatts hours per car mile. 
The two southwest freight elevators .........44 


The four north freight elevators .... 


On this basis the electrical-horse power required to keep each 
elevator in motion was found to be 43, 53, and 6, respectively, 
per car mile. The speeds specitied, however, were 3.4, 2.55, and 
1.7 miles per hour, respectively, on which basis 15.9, 14.45, and 
10.2 electrical horse-power were required. Assuming that the 
passenger elevators might be in motion one-half the time and 
the freights one-third, and multiplying by the number of ele- 
vators, the power consumed is found to be 15.9, 9.6, and 13.6 
electrical horse-power, respectively ; a total of 40, in round num- 
bers. In view of the fact, however, that ideal conditions of 
loading and counterbalancing would never be reached, and also 
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that uncertainty existed as to the actual number of stops per 
trip, and percentage of time which the elevators would be in 
operation, and in order to avoid any appearance of partiality to 
the electric installation, it was thought wise to increase this 
allowance by 50 per cent., and to call the total 60 electrical horse- 
power at switchboard. Assuming a combined engine and dy- 
namo efficiency of 80 per cent., the average indicated horse- 
power at cylinders of dynamo engines is 75, as already stated. 

In computing the horse-power required to drive steam eleva- 
tors, it was presumed that they would be run by direct-con- 
nected steam engines in the ordinary manner. The machines 
are almost identical with the electric elevator of the drum type 
operated by worm gear, the direct-connected steam engine tak- 
ing the place of the distant steam engine generating current 
through a dynamo, and transmitting it for use in a direct-con- 
nected electrical motor. The work done by the elevator proper 
is the same in both cases. Assuming the efficiency of the motor 
on the electric elevator to be 83 per cent., the net power con- 
sumed by the elevator mechanism itself is 50 horse-power. 
Taking the mechanical efficiency of the steam elevator engines 
at 75 per cent., we arrive at the figure of 67 above referred to. 

The clause in the specifications providing for alternative bids 
on electrical elevators stipulated that the elevators were to be 
of the same general character as the hydraulic, modifying the 
design only in so far as necessitated by electrical driving. The 
purchaser agreed to supply electrical current at 220 volts at the 
switchboard. The contractor was to do all wiring from that 
point to elevators. Elevators to be of the single or double 
worm type, with steel worm and gun-metal gear. The motor 
was to have an automatic starting device to give the car an 
easy start independent of the operator and cable, returning to 
the starting point automatically in case of interruption of the 
current. When starting from rest to full speed within five sec- 
onds, the starting current was not to exceed the operating cur- 
rent at full speed by more than 50 per cent. The purchaser was 
to provide a third electrical generating unit of 75 kilowatts 
capacity in case electric elevators were adopted. The plant to 
be so designed as to be capable of operating in multiple with 
the lighting system without noticeable interference with the 
steadiness of the electric lights. 


The alternate proposals asked for on steam elevators were to 
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comply with the same general conditions as before, except that 
the elevators were to be driven by direct-connected steam en- 
gines of the duplex double-acting vertical type. Separate pro- 
posals were invited on an ash hoist to have a platform of about 
60 inches by 33 inches ; capacity, 1,000 pounds ; speed, 50 feet ; 
travel, about 20 feet. 


Section C—Dynamos and Switchboard. 


The contractor for Section C was to furnish and erect the 
generators and switchboard, with connections between same, as 
located in Fig. 109. Proposals were to state the commercial efli- 
ciency of the generators at }, 3, }, and full load, subject to test 
after the machines were installed. A study of the purchaser’s 
needs showed that they could be best met by a combination of 
are and incandescent lamps. A preliminary location of are and 
incandescent lamps was agreed upon, showing approximately 
200 are and 600 incandescent lamps. In addition, there were 
three motors driving fans in basement, and an allowance was 
also made for small fan motors throughout the house, and about 
1 per cent. for drop in the wiring. These were summarized as 
follows : 


200 arcs at 2} amperes, and 220 volts, or 550 watts........... = 110,000 watts. 

600 —220-volt 16 candle-power incandescents at 60 watts... ... = 36,000‘ 


It was decided that this load could be best handled by two 75- 
kilowatt generators. As such machines can run at consider- 
able overloads, two-thirds of the total lights could be handled 
with one machine out of service. Three 50-kilowatt machines 
would have been better, but would have cost more. 

The selection of dynamos whose rated capacity was equiva- 
lent to the total number of lights connected, may be criticized, 
in view of the fact that ordinarily the maximum number of 
lights burned at one time—even for short intervals—is less than 
the number connected, and that the generators can be over- 
worked considerably for short periods. The anticipated load 
factor, however, was large, and some margin for growth was 
necessary. No special or reserve machine being provided, it 
was not desired to cripple the plant more than absolutely neces- 
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sary when one machine might be shut down on account of acci- 
dent or for repairs. 

One hundred and fifty kilowatts at the switchboard is equiva- 
lent to 200 electrical horse-power. Assuming a combined effi- 
ciency of engine and dynamo unit of 80 per cent., the indicated 
horse-power in the steam cylinders is 250, as already stated in 
estimating boiler capacity. 

The question might be asked why the maximum load was 
taken for the boiler horse-power, when the average load would 
be much less, and the entire number of lights would probably 
never be burned at one time. As explained above, the work 
done in this building was of such a nature that what is known 
as the “load factor,” or ratio between the maximum number of 
lights operated at one time and the total number connected, 
would be large, and it would sometimes happen that every light 
might be burning. Furthermore, experience has shown that 
more lights and motors are added as business increases and 
the necessity for them develops, so that some margin for growth 
must be allowed. 

A departure from established practice was made in adopting 
a voltage of 220, instead of 110. This was done for three 
reasons : 

First, it was desirable to have an outside connection from a 
central station for use in the event of any serious accident to 
the plant. No central station, however, furnished direct current 
for power at 110 volts, but two convenient stations offered such 
service at 220 volts, both being from 220-440 direct-current 
three-wire systems. 

Second, it was believed that the electric motors would give 
better satisfaction at this voltage, and stopping and starting 
them would have less effect on the lights, as it was intended to 
run the entire light and power service from the same electrical 
apparatus. 

Third, the distances covered being quite large for an isolated 
plant, both the investment in copper and the “drop,” or per- 
centage of loss in wiring system, were materially reduced. 

It is true that the 220-volt incandescent lamp is not as efficient 
as the 110, and that it costs more, thus increasing the cost both 
of fuel and of lamp renewals. ‘I'he 110-volt 16 candle-power 
lamp ordinarily used consumes about 55 watts, and the 220 
volt about 60. This means 9 per cent. more generating capacity 
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and fuel burned. The 16 candle-power 220-volt lamp costs from 
23 cents to -5 cents each, and the 110-volt 18 cents to 20 cents. 
This inferiority is largely due to the fact that the number of 
220-volt lamps in use is still small. The efficiency is improving, 
and the price falling, as the demand increases, and it is believed 
they will, in the not distant future, approximate closely to the 
110-volt lamp. In the present case it was believed that the 
advantages of the 220-volt system overbalanced the objections 
named. 

At the time this work was taken up the 220-volt are lamp was 
in an experimental stage. It was a question whether to burn 
the ares singly across 220 volts, or to use two 11)-yolt lamps in 
series. In either case, the enclosed are lamp, burning in 
multiple, was to be used, for reasons explained later. A large 
number of sample 220-volt arc lamps were tested in the offices 
of the engineers, and a reasonable number of these were found 
satisfactory. The are is long, and the light has a bluish purple 
tinge. The former, however, was not objectionable with the 
ground-glass inner globe. The latter also yields to treatment ; 
so that, on the whole, it was thought entirely safe to use the 
single lamp, thus greatly simplifying the system. 

The electric elevators could of course, have been operated 
alone with less than 75-kilowatt average ; 75 horse-power, or 
56 kilowatts, being the average amount of energy required, as 
already explained. As electric elevator service, however, is 
frequently subject to sudden and severe overloads for short 
periods, due to the starting and operating of a number of loaded 
elevators simultaneously, a surplus of power was necessary ; 
and as it was desirable to have all the electrical units alike 
and interchangeable, it was thought best not to reduce the size 
of the third unit. 

The specifications provided that the generators should be of 
the direct-connected type, mounted on engines, each generator 
to be rated at 75 kilowatts at 220 volts. Speed about 250 revolu- 
tions per minute. When run continuously at rated load, the 
temperature was not to rise more than the following amounts 
above the surrounding air: 72 degrees Fahr. in the armature ; 
54 degrees in the fields; 72 degrees in the commutator. They 
were to be capable of carrying 25 per cent. overload for two 
hours, and 33} for one hour, without excessive heating any- 
where, and without injurious sparking at the brushes. They 
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were to be capable of taking 50 per cent. overload momentarily, 
without flashing or injurious sparking, and were not to flash 
around the commutator when the circuit breaker opened at 50 
per cent. overload. They were to run without sparking or shift- 
ing of the brushes from no load to 25 per cent. overload. 

These rather rigid requirements were due to the possible 
operation of electric elevators, and as several prominent builders 
were in a position to supply such machines, competition was 
not thereby limited. 

The winding of the fields was over-compounded to give 3 
per cent. higher voltage at the brushes at full load than at one- 
tenth load. The rise in voltage was to be proportional to the 
load throughout. The current density at rating in the carbon 
brushes was not to exceed 27 amperes per square inch of brush 
contact. The insulation resistance between any conductor and 
the frame of dynamo was to be at least one megohm. 

The switchboard ( Fig. 109) was to be of white Italian marble, 
1} inches thick, located 24 inches from wall. There was to be 
a generating panel for each dynamo, containing one fire-proof 
field rheostat, one double-pole double-throw knife switch, one 
single-pole magnetic circuit breaker, one pilot lamp, one Weston 
ampere metre, the necessary bus bars, one round pattern Wes- 
ton 250-volt voltmeter, with switches to connect it with the ter- 
minals of each dynamo; with bus bars, with the distributing 
circuits, with positive bus bar and ground, and with negative 
bus bar and ground. There were to be two feeder panels, con- 
taining one 1,200-ampere double-pole double-throw switch, ten 
150 and four 50-ampere double-pole double-throw knife switches 
with fuses, and one lamp ground detector. Each feeder panel 
was to have a neat goose-neck bracket light, with shade and 
holder. The conductors were to be proportioned so that the 
temperature would never rise more than 45 degrees Fahr. above 
the surrounding air. Each circuit on the board was to be let- 
tered or numbered. 

This board is designed with an extra power bus bar, so that 
the elevators can be operated separately from the lights, if de- 
sired. This has never been done, however, except when the 
plant was started, and before engines and generators were ad- 
justed. The large double-pole double-throw switch enables 
either the motors or lights to be connected to outside reserve 
connection, the other being operated from the dynamo. When 
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both sides of this switch are thrown to outside connections, the 
entire building is operated from central station on three wire 
220-440 system. 

Each generator was to be connected with switchboard by rub- 
ber-covered cable, running overhead on porcelain knobs. Each 
proposal was to name a price on two generators as above, with 
an extra price for a third unit, with one feeder panel, the latter 
to contain eight 150-ampere double-pole single-throw switches ; 
eight 200-ampere single-pole circuit breakers, and one 220-volt 
500-ampere recording station wattmeter—all of these being 
required for the electric elevator service. 


Section D—Steam Engines. 


These were to be of the direct-connected tyne, for driving 
the two 75-kilowatt generators, each to be operated independ- 
ently (see Fig. 105). The assumed efficiency of 80 per cent. 
fixed their capacity at 125 indicated horse-power each. The 
operating steam pressure, if compound engines were selected, 
was to be 120 pounds above atmosphere. Contractor was to 
furnish and erect these engines, ready for pipe connections, 
including foundations for engines and dynamos. Each proposal 
was to embody a guaranteed water rate per indicated horse-power 
hour, and be accompanied by a drawing showing space occupied, 
foundations required, dimensions of cylinders, weight of engine, 
fly-wheel, and sub-base, and diameter of shaft. The proposal 
was also to state additional cost of a third unit identical with 
the others, for use in case electrical elevators were adopted. 

The specifications were drawn for compound engines. Con- 
densing apparatus was not deemed desirable, on account of its 
increased cost, complication, and space required. The fuel 
saving would have been small, as the exhaust is used for heat- 
ing during the five months of cold weather, when the load on 
the engines is also a maximum. Bidders were asked to state 
the price of simple engines of the same indicated horse-power. 
The engines were to be of the horizontal centre-crank, tandem 
compound, high-speed, non-condensing automatic type, built 
extra heavy throughout, speed about 250, stroke at least 14 
inches, designed for an overload of 50 per cent. for short periods ; 
water rate not over 25 pounds per indicated horse-power hour ; 
shaft governor to be equivalent to the Rites, controlling both 
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high and low-pressure cylinders. The drop in speed with con- 
stant steam pressure between no load and 50 per cent. overload 
was not to exceed 2 per cent., and was not to exceed 1} per cent. 
with constant load and steam fluctuating between 100 and 125 
pounds ; and 3 per cent. for the combined changes in load and 
pressure. Engines were to operate smoothly, noiselessly, and 
without heating or undue wear, at all loads and pressures. 
Heavy cast-iron sub-bases were to be furnished of proper width 
to receive dynamos. Shaft to be of steel, in one piece. The 
usual fittings, fixtures, and lubricating apparatus to be furnished. 
One extra heavy fly-wheel, steam cylinders lagged, bright work 
highly finished. Crank pin to be of same dimensions as shaft. 
Engines to be finished, painted, and submitted to such tests as 
might be required. 


Section EB —Wiring, Are and TIneandesce ni Lamps, Fans, and Motors. 


This section covers all the apparatus and material necessary 
to transmit the electricity from the switchboard to the points 
of use. The 220-volt multiple are distribution was adopted, for 
reasons already explained. The are and incandescent lamps 
were run from the switchboard on independent systems of 
wiring. Suitable cut-out cabinets, tablet boards, and switches 
were to be supplied. The feeders for are lights were to be of 
No. 2 B. & S. gauge, on porcelain knobs in the basement, and 
on metal cleats in the elevator shaft. All feeder wires were to 
have a one-sixteenth lead cover in elevator shaft, and were to 
be standard and continuous, without joints, except where taps 
were taken off feeding-tablet boards on each floor. All wiring 
was to be rubber covered. The distributing circuits for are 
lamps were of No. 12 B. & S. wire, each two lamps being con- 
trolled separately. The inecandescents were to be grouped in 
circuits not exceeding fifteen lamps each. Maximum drop 
between cut-out cabinet and lamps, } per cent.; no wire smaller 
than No. 14 B. & S. to be used. Contractor was to furnish and 
attach lamps and sockets, the general plan of wiring and loca- 
tion of lamps being shown in Figs. 100, 101, 102, and 103. On 


the upper floors the incandescent lamps were to drop from the 
ceiling by flexible cords with ceiling cut-outs and key sockets. 
The paragraph referring to insulation was as follows: 

“The insulation of all wires in this building must be of best 
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Para rubber, put on in two coats of uniform thickness without 
seams, the ner coat to be free of sulphur or other substances 
liable to corrode the copper. The copper to have an additional 
protection of a uniform and thick coating of tin. Thickness of 
insulation of the No. 14 and No. 12 wire to be ,', of an inch, 
upon No, 2 B. & S. wire ,, of an inch, and upon No. 000 wire 
jy of an inch. The rubber to be covered with a substantial 
braid that will not readily carry fire. This wire must show an 
insulation resistance of at least one megohm per mile after two 
weeks’ submersion in water at 72 degrees Fahr., and after three 
minutes’ electrification with a current of 500 volts. The insula- 
tion of all of these wires, with all cut-outs, switches, and fuses 
in place, must have a resistance between conductors, and be- 
tween all conductors and the ground, of not less than } megohm 
per mile of circuit.” 

Edison key sockets were to be used throughout, with porce- 
lain bases. Contractor was to furnish and connect six hundred 
16 candle-power lamps, with anchored filaments, and 600 hours 
guaranteed life. The intention was to select that type of lamp 
which would give this life with the best guaranteed efliciency 
and maintenance of candle power. 

Three motors for ventilating fans were to be supplied—one 
in basement, one in engine room, and one in boiler room (see 


Fig. 100); the air to discharge into space surrounding stack. 
Each fan was to be 24 inches in diameter, with speed variable 
between 200 and 600 revolutions per minute. Motors to be 
! horse-power each, series wound, equipped with switches, 
regulating devices, iron-clad armatures, large mica insulated 
commutators, carbon brushes, and self-oiling bearings. 

The two hundred are lamps were to be of the enclosed type, 
burning 150 hours continuously without trimming. Proposals 
were invited on lamps to burn singly on 220-volt circuits con- 
suming not over 2} amperes each, and also upon lamps to 
operate two in series, without robbing each other and with 
equal steadiness. All lamps were to have resistance enclosed 
in top of lamps, and be hung from ceiling on independent sup- 
porting wires. They were to have opalescent inside globes, 
and clear glass outside globes. To have the usual fittings and 
adjustments, and polished brass finish. Thirty days’ supply of 
carbons was also to be furnished. 

The enclosed arc lamp has many important advantages, among 
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which are—that it can be run off of the ordinary incandescent, 
dynamo, and wiring system, and that it gives a very uniform and 
attractive light. It does not give as much light as the ordinary 
open-series are, but requires more energy, about one-third of 
which goes to waste in the resistance in the lamp which is neces- 
sary to control and regulate its operation. The 110-volt enclosed 
are lamp, for instance, is operated with 5 amperes, but only about 
80 volts are consumed in the are itself. The 220-volt lamp uses 
2; amperes, consuming about 160 volts in the are. Thus far all 
attempts to do away with this wasteful resistance have failed, 
but it is believed that the inventive genius of the country will, 
in the near future, overcome this serious difficulty. 
The original schedule of lamps to be wired for was as follows : 


Ame INCANDESCEN' 


Section —Steam Heating. 


In installations of this character, all the pipe work—both high 
and low pressure—together with necessary apparatus, is usually 
included in one specification and contract. In the present in- 
stance, however, the details of the high-pressure and exhaust con- 
nections and apparatus could not be determined upon until the 
boilers, engines, xnd elevators had been selected. The heating 
plant was therefore taken up as an independent problem. As 
shown in Fig. 99, the building, though large, was favorably situ- 
atedas regards heat losses, being protected by the walls of ad- 
joming buildings on both east and west sides, except at the two 
small light shafts shown (Figs. 102 and 103). The rear exposure 
is directly. to the north, and is the only unfavorable one. 

After due deliberation, it was decided that the most severe 
conditions would be met by assuming an external temperature 
of 110 degrees Fahr., the building to be heated to 70 degrees 
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Fahr., with steam pressure not exceeding 2 pounds. The tem- 
perature occasionally drops below —10 degrees in St. Louis, 
but on these rare occasions it was thought that the pressure 
could be earried a little above 2 pounds, or that a slightly lower 
temperature than 70 degrees might be permissible. The heat loss 
ras computed on the basis of 80 British thermal units per hour 
per square foot for exposed glass surface, and 16 for brick wall— 
the units given by Wolff. A serious problem was to determine 
what heat loss there would be from the east and west walls, 
which were in contact with adjoining buildings. It was finally 
concluded to assume that one of these buildings might be va- 
cant in cold weather, and might reach as low a temperature as 
32 degrees Fahr. On this basis the heat loss would be about 
10 British thermal units per hour per square foot of wall. The 
changes of air to be provided for were assumed at 4 for the 
shipping room on first floor, 2 for the balance of first floor, and 
1 for the rest of building. 
From Carpenter we learn that 1 British thermal unit will 
heat 55 cubic feet of air 1 degree, and following his reasoning 
we get the following formula for total heat loss : 


80nC 
H = 80G + 16W + + 10w. 
in whieh : 

G@ = exposed glass surface in square feet. 
W = exposed wall surface in square feet. 
w = wall surface adjoining west store. 

C = cubic feet of space to be heated. 

n = changes of air per hour. 

This formula gives the amount of heat which the system must 
supply to replace the heat lost from wall and glass exposure 
when the building is maintained at 70 degrees Fahr., and the 
external temperature is —10. It also provides heat to bring 
the fresh air entering building through doors, windows, etc., to 
the same temperature. 

It has been shown that one square foot of ordinary direct 
radiating surface will give off about 280 British thermal units 
per hour, with steam of 2 pounds’ gauge pressure. Dividing the 
heat loss by 280, and reducing, we get the following formula for 
radiating surface : 


5 8 5D 
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In using this formula, the factor ? was changed to | to allow 
for the severe northern exposure, and to admit of the building 
being heated quickly when cold. 

No special ventilation was provided for the upper floors. The 
rooms were all very large and occupied by but few people. It 
was thought, therefore, that sufficient fresh air would find its 
way through the doors, windows, stairways, elevator shafts, ete., 
to keep the rooms pure. As this air would have to be heated, 
however, it was, as already stated, assumed that the leakage 
would amount to two entire changes of air on main floor, four 
in shipping room—where the doors were constantly opening 
and closing—and one on the upper floors. The roof not being 
ceiled in, was assumed to have a heat loss equal to that of the 
exposed brick walls. This, with the skylights, accounts for the 
large amount of heating surface on the eighth floor. On this 
basis the radiating surface was found to be as follows : 


Square Feet RapiatTion, 


Spec ified Paul. 

Sarees Skylights 4— 714 sq. ft 

. Store 21—4,054 ‘ 

are ... Shipping room 5—1,053 5,821 3,372 

Store 16—3,357 

Skylights 686 | 4,245 954 
rs 130 | 24,916 18,07: 


The last column shows the radiating surface put in under the 
Paul system, and guaranteed to do the same work. 

The heat loss in basement being very small, no radiating sur- 
face was provided here. The steam and return pipes, however, 
were all left uncovered. 

The general arrangement and location of radiators, mains, and 
branches are shown in Figs. 100, 101, 102, 103, 105, and 106. 
The system of steam distribution was that of a main distrib- 
uting riser going to the top floor, and there branching both 
ways (see Fig. 103) along the four walls, and supplying single- 
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pipe descending risers, from which branch connections were 
taken to all radiators. A few coils of l-inch pipe were placed 
in skylights and provided with double-pipe connections. The 
basement return for descending risers was divided into two 
sections (Fig. 100). The radiators on first floor were to be 
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supplied by an independent singie-pipe main, going entirely 
round basement, and carrying both steam and returns. . 

The selection of the maximum heating pressure at between 
two and three pounds fixed the velocity of steam in mains at 
about 37) feet per second, causing a drop of pressure about .1 
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pound in 100 feet. These values were used in proportioning 
the mains and branches with proper allowance where the 
double-pipe system was used. 

It was recognized that the unit values here assumed would 
result in a liberally designed system, capable of heating and 
circulating easily and quickly, and of taking care of extreme 
conditions satisfactorily. Many engineers would have figured 
the work more closely, and have taken the chances on satisfac- 
tory service, but it was not deemed good engineering to do so 
in this case. . 

The radiator connections and valves specified were as follows, 
being single pipe in each case : 


125 to 200 
Above 200 


The main riser is also intended to be used as a free-exhaust 
pipe, thus saving a long length of large pipe. This necessitates 
placing the back pressure and controlling valves of the heating 
system in the top floor, an inconvenience which was justified 
by the saving in first cost. All branches were to be attached 
to mains by flanged unions, and to be independently valved. 
Branches from risers to radiators were to have a pitch of 1 inch 
to the foot, and if over 18 inches long, were to be one size larger 
than the radiator valve. 

The radiators were to be of the plain cast-iron three or four 
column pattern, 38 inches or 44 inches high. The use of such 
large radiators was due to the desire to simplify the plant and 
keep down its cost. It was believed that they would answer the 
purpose satisfactorily, as the rooms were all large and the heat 
would readily distribute itself. Some of the radiators on the 
first floor were to be covered with marble slabs, and others— 
marked “S$” (Fig. 101)—were to have deflecting shields. Ap- 
proved air valves were to be located where necessary. 

The fittings were to be of the “sweep” or long-radius pattern 
to reduce friction. No plugs or bushings were to be used. 
Fittings were to be eccentric where necessary. All work 8 
inches and larger was to be flanged, except couplings on low- 
pressure work. The valves were to be angle or gate; radiator 
ralves, corner or angle. Valves under 24 inches to be of best 
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steam metal. Pipes to be properly protected with sleeves 
where passing through floors, ceilings, or walls. All pipe 
lines were to have a pitch of } inch to $ inch in 10 feet, in the 
direction of the current of steam or water. They were to be 
supported or anchored by approved devices at intervals not 
exceeding 10 feet, with due provision for expansion and con- 
traction. All work was to be thoroughly cleaned and painted. 
The entire system was to be tested with 50 pounds steam pressure 
and made absolutely tight. Bidders on this section were to 
state make of radiator offered, whether three or four column, 
and its height. They were also to file discount sheets on 
material and labor, on which basis extra work could be ordered 
if needed. 

Bidders were also to submit alternative propositions on the 
Paul and Webster systems of air removal. It is not intended to 
discuss these systems here at length. Both provide means for 
quickly and positively removing the air from radiating surfaces, 
and thus maintain it at all times at the highest efficiency. The 
positive means by which this is done permits the circulation of 
a greater amount of steam through the system, and the net result 
is that more work is done by a given amount of radiating sur- 
face. The system works without noticeable pressure, and there- 
fore relieves the engines of the back pressure which ordinarily 
accompanies the use of exhaust steam in heating, thus permit- 
ting the use of compound engines, and making higher engine 
economies possible. Other incidental advantages are the re- 
moval of noises, odors, water, etc., due to air valves discharging 
into the rooms. 

In the Paul system the air valves on the radiators, steam 
lines, ete., are connected to an independent system of air mains 
of small pipe leading to an air jet or siphon operated by steam 
in the engine room. This “exhauster” produces a vacuum on 
the air line reaching to the radiators. The air valves are so 
located as to collect the air to best advantage. The cooling due to 
the accumulation of air causes the air valve to open, when the 
vacuum system immediately exhausts the air from the radiator. 
The air valve closes as soon as it is warmed by the incoming 
steam. In this way the entire radiator is kept warm at all 
times. The Paul system does not handle any water, and is 
applicable to either the single or double pipe system. 

The Webster system is similar, except that it handles water 
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as well as air, and is usually connecced to the regular return 
system. Where the single-pipe system is used a small sepa- 
rate return main is run. The actuating mechanism in basement 
isa steam pump, which handles both water and air, and main- 
tains the necessary vacuum. 

Many other incidental advantages are claimed for both sys- 
tems, and they are found quite satisfactory in service, and are 
coming into general use. 

It was thought desirable to ask for bids in the above manner, 
rather than to specify one or both systems, in order that a com- 
parison could be made between them, and a system designed to 
accomplish the same results with a back pressure so low as to 
be unobjectionable. 

In determining the boiler horse-power necessary for the heat- 
ing, it was assumed that each of the 24,916 square feet of radi 
ating surface would condense about .3 pound of steam per hour 
as a maximum when in active service, a total of 7,475 pounds, 
which, being divided by 30, gives the boiler horse-power as 249. 


Section Large Pipework and Other Apparatus. 


While the exact data for this section could not be secured 

until the boilers, engines, and elevators had been selected, it 
yas possible to map it out in a general way. It included the 

high-pressure connections from boilers to engines and pumps, 
exhaust connections to roof, and heating system, all the neces- 
sary covering, drains, blow-offs, receivers, controlling and relief 
valves, and other apparatus. The general arrangement is shown 
in Figs. 1C5 and 106, 

High-pressure steam at 125 pounds was to be provided for the 
engines and pumps. The exhaust was to be used for heating. 
supplemented by live steam when required. The contractor for 
this section was to take the heating plant from where the con- 
tractor for Section F left it and connect it with the rest of the sys- 
tem complete. Each steam engine was to have a separator near its 
throttle of the “Sweet” or equivalent make. The engines were 
located so close to the boilers, and the steam pipes were so large, 
that the writer deviated from his usual practice of combining the 
separators with receivers. Returns from the separators were to 
be trapped into receiver. Two 300 horse-power Hoppes or 
equivalent feed-water heaters were to be supplied. This large 
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capacity was due to the fact that these heaters served also as 
receivers and expansion tanks. It was intended also that one 
could be cut out for cleaning or repairs without seriously dis- 
turbing working conditions. No separate grease extractor was 
provided, other than those which come with this type of heater. 
Three 6 by 4 by 6 outside plunger duplex pumps were specitied 

one for boiler feeding ; one for the water service of the building ; 
the third a reserve, capable of taking the place of either of the 
others. The house pump was to have a regulator to maintain a 
constant water level in the house tank on top floor. The con- 
tractor was also to furnish a small direct-acting air pump, of the 
locomotive type, for the sprinkling system. All pumps were to 
be properly connected, with steam, exhaust, and feed-pipe con- 
nections, blow-offs, and drains, leading to blow-off tank. The 
latter was to be of j-inch cast iron, 36 inches by 36 inches, 
located under boiler-room floor, provided with manhead, over- 
flow to sewer, and 2-inch vent pipe to roof. Blow-off pipes 
from boilers, heaters, and miscellaneous drains, discharged into 
this tank. There was to be a 5 by 10 pressure reducer, guaran- 
teed to work anywhere from a slight vacuum to 10 pounds gauge 
pressure, to admit live steam automatically to the heating system 
whenever there was a deficiency of exhaust. This regulator was 
to be by-passed, so that it could be taken out for examination or 
repairs without interfering with the working of the system. A 
10-inch back-pressure valve was to be located in the eighth story 
on free exhaust, which would open to the atmosphere in case 
of excessive pressure on the heating system. A complete lubri- 
eating system was to be supplied for oiling all engines and 
pumps from a central source. A marble gauge board (Fig. 105) 
was to be erected in engine room, holding a high-pressure gauge 
for main steam line ; a low-pressure gauge for heating main; a 
combination water-pressure gauge for city water main, and an- 
other for house supply system, and an 8-day clock, all to be 10- 
inch dial, nickel plated. The same general provisions were 
made as in Section F for covering, material, and workmanship. 
The feed-water heaters, and all high-pressure and exhaust lines 


in boiler and engine rooms, were to be covered with high-grade 
covering, equal to the K. & M. Magnesia, or Nonpariel cork, of 
standard thickness, canvassed and painted. Smoke flues, and 
domes of boilers, were to be covered with 13-inch blocks of 
same material. All high-pressure work was to be tested with 125 
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pounds steam, and made tight at that pressure. This contrac- 
tor was to furnish all foundations necessary for his work. 


Contracts and Prices. 


In view of the central location and general character of the 
building and its tenants, and the fact that the installation was 
intended to be a model one, there was great competition for the 
work. Furthermore, as all bidders were figuring on practically 
identical specifications, there was no chance to claim advantages 
due to superiority of apparatus or methods. The figures, there- 
fore, were strictly comparative. 

On account of this competition, the work was let at exceed- 
ingly low figures, as will be seen below, the usual profits being 
cut out, and in some instances losses sustained. These figures 
should, therefore, be used with caution, and from 10 to 20 per 
cent. added when estimating the cost of new work. Due allow- 
ance should also be made for differences in the character of 
buildings and the service rendered, as determined by the peculi- 
arities of the business carried on in it. This is wholly a ques- 
tion of experience and judgment. 

The owners of the building under consideration did not feel 
warranted in supplying their tenants with a high-grade plant, 
claiming that the lease did not require it. As the tenants had 
made a ten years’ lease, however, and would have to meet the 
fuel bills, they agreed to pay part of the extra expense. 

It was not definitely decided to pu! in a complete plant until 
final bids were in, and estimates of cost of operation, repairs, 
and maintenance had been made. Up to that time the securing 
of all electrical —and even steam—service from a central station 
was under serious consideration. The figures, however, showed 
a material saving by operating their own plant, due principally 
to the use of exhaust for heating. 

Section A—Water- Tube Boilers—Compound engines and elee- 
tric elevators having been selected, requiring 305 boiler horse- 
power as already shown, it was thought safe to reduce the boiler 
capacity to three units of 150 horse-power each, two to do the 
ordinary maximum service. This was equivalent to 4,955 
pounds of water per hour per boiler, from feed of 212 degrees 
Fahr. into steam of 125 pounds gauge pressure. Water-tube 
boilers proving not as high in price as expected, that type was 
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selected, the boiler being the “O’Brien,” made in St. Louis. 
This boiler is similar to the Heine, except that the steam and 
water drum is horizontal, and not parallel to the tubes; the 


Fig. 108. 


front and rear water legs are wider at top than at the bottom, 
and the rear leg extends some distance below the lower tubes, 
as a settling chamber. Each boiler contained 1,411 square feet 
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heating surface, including drums and tubes of the Hawley fur- 
nace, or 9.4 square feet heating surface per horse-power. The 
grate surface (upper grates only) was 31.5 square feet; ratio 
grate to heating surface, 1 to 44.78. The cost of the three boil- 
ers set up, including Hawley furnaces, brickwork, foundations, 
and smoke flue, as specified in Section A, was $6,288, being 
$13.97 per horse-power, or $1.48 per square foot of heating 
surface. 

The eubic feet of gross capacity of building—as usually com- 
puted by architects from outside lines, and from bottom of 
footings to top of roof—per rated boiler horse-power, is 6,771 ; 
and 5,146 cubic feet of space heated, per boiler horse-power. 
The space heated included only the actual indoor space, and 
omitted basement. 

This seetion, and also Seetions F and G, were let to Kupferle 
Bros. Manufacturing Company, of St. Louis, at the gross price 
of $16,511. 

Section Aa—Common Boilers.—The lowest bid on ordinary 
boilers, as per specifications (Sec. Aa), was 35,997, being 33,397 
for the boilers, and $2,100 for the Hawley down-draught furnaces, 
and $500 for the brickwork. ‘The four boilers aggregated 524 
horse-power. The price quoted was, therefore, $11.44 per 
horse-power, or $0.95 per square foot heating surface. 

Section B—Elevators.— The selection of the elevator system 
presented the greatest difficulties. The bids based strictly on 
the specifications seemed excessive in price, and the owners 
directed that the data be revised, with a view of getting more 
reasonable figures. The capacity of the elevators was therefore 
reduced. The two passenger and two southwest freight eleva- 
tors had their average loads eut down to 1,500 pounds, and the 
four north machines to 1,800 pounds, being required to carry 
these loads at the speeds specified. They were also to be capa- 
ble of carrying the larger loads originally specified, at reduced 
speeds. Wooden guide posts and strips were substituted for 
the steel T guides. The allowance for passenger cabs was re- 
duced to $200, and the indicators omitted. 

On this revised basis the Sprague system was selected, at the 
price of $22,070, including ash hoist. This low price was due 
partly to the conditions already named, and was made possible 
by arrangements made with local parties for erection, under a 
Sprague expert. The four north elevators were to be of the 
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“X 38” type, with solenoid control; and the four south ele- 
yators of the “Z” type, with pilot motor control. 

To the above price should be added $3,134 for the cost of 
third engine, dynamo, and appurtenances, making a total 

$25,204 for the elevator plant complete. The cost per cubic 
foot of building space (gross) for elevators alone was 3.0072, 
and for elevators, with engine, dynamo, and appurtenances, 
$.0083. The cost per square foot of total floor space was: for 
elevators alone, $.105; with engine, dynamo, and their auxil- 
iaries, $.12. 

The selection of the electric elevator for this important in- 
stallation was decided upon after a thorough investigation. 
They were found to be more economical in fuel than any other 
type—even the high duty hydraulic on account of the light 
loads usually carried, and the corresponding saving in power. 
There was also some saving in first cost. The electrical plant 
afforded a much more compact arrangement in engine room. 
As no pumping engines were required, and no tanks or accumu- 
lators, one reserve unit answered for both the lighting and 
elevator plants. The electric elevator has not, as yet, fully 
established its reliability and low repair account as well as the 
hydraulic, but the latest and best types seem to leave but little 
to be desired in these directions. 

The steam elevators were, of course, the lowest in first cost, 
but were not given serious consideration on account of their 
large fuel consumption. 

Section C Dynainos, Switchboard, —General Electric dyna- 
mos were selected, the guaranteed efficiencies being: 


The three 75-kilowatt generators, with switchboard* and 
appurtenances, as spec ‘ified, cost $5,135, or S22 80 per kilowatt. 
Speed, 260. 


Giross cubic feet cared for oo kilowatt of dynamo capacity for lighting. . 20,312 
at all pur- 


‘The switchboard (Fig. 109) was built by the Emerson Electric Manufactur- 
ing Company, St. Louis. 
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Section D—Dynamo Enginesx— The three 125 horse-power 
engines selected were of the Imperial compound type, built by 
the Weston Engine Company, of Painted Post, N.Y. Dimen- 
sions of cylinders: high pressure, 12 inches diameter ; low, 20 
inches ; stroke, 14 inches; speed, 260. Price, $4,268, or $11.38 
per indicated horse-power. The same builders offered three 
simple engines, 15 inches by 14 inches, for the same service for 
$3,615, or $9.64 per indicated horse-power. This should be 
reduced about 5 per cent. to be strictly comparable with the 
cost of the compounds. Computations showed that the horse- 
power hours of service per year would be sufficient to make the 
fuel saving of the compound over the simple enough to warrant 
the additional investment. 

The cost of engines and dynamos together was $9,403, which 
is $41.80 per kilowatt of dynamo capacity, and $25.07 per indi- 
vated horse-power of engine capacity. 

Gross capacity of building (cubie feet) cared for per horse- 
power of engine, 8,125. 

Section E— Wiring, Lamps, Fans, and Motors.—-This work was 
let for $6,315, in accordance with the specifications, to the Gen- 
eral Electric Company, their 220-volt are lamp being selected. 
On the basis of 150-kilowatt capacity, the price per kilowatt 
was $42.10, including the entire work from the switchboard to 
the lights and fans, exclusive of special fixtures on first floor. 
Adding to this two-thirds of the contract price for Sections C 
and D (engines and dynamos), gives the total cost of the electric 
lighting plant (exclusive of elevators) as $12,584, or $83.90 per 
kilowatt, exclusive also of boilers and piping. 

Section F-— Heating System—This work was let for $6,984, in- 
cluding the Paul system; satisfactory plans having been sub- 
mitted for reducing the amount of radiation, size of mains, ete. 
The number and location of radiators were the same as specified, 
their sizes being reduced. Fig. 107 shows the arrangement of the 
Paul air and steam risers. No other changes were made, except 
that the first floor radiators were supplied from basement re- 
turn main, instead of from an independent main. As satis- 
factory performance was guaranteed with standard fittings, the 
requirements for long-radius fittings were waived. 

The following table is interesting, as comparing the bids on 
original specifications with the contract price for the Paul 
system : 
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Paul System 
As Paul with Boilers 
Specified. |System.| and Piping. 


Radiating surface 


....-Square feet, 24,916 18,073 18,073 

C ubic feet heated per square “foot radiating surface 93 128 128 
gross) * 122 169 169 

Cost of heating plant. ....... “ ...dollars 7,680 6.984 16,511 
‘per square foot radiating surface,......0 39 91 
foot heated: “ 0083 003 0071 


It will be noticed that the radiating surface specified does not 
appear excessive after all, as each square foot takes care of 93 
cubic feet of space heated, while each square foot under the 
Paul system must heat 128 eubie feet. 

When a heating system is properly proportioned for hard 
service, with ability to heat a cold building quickly in 
weather without material back pressure, it is necessary to use 
ample radiating surface and piping, which, of course, mean in- 
creased first cost. Inthe present instance the prices indicate 
that the reduced surface, ete., which would do the same work 
under the Paul system, saved enough money to not only pay for 
all special apparatus, royalties, ete., but to make a considerable 
saving to the owners besides. 


severe 


Section Large work and . pparatus. —-This was let for 
$3,239, being $7.20 per unit of boiler horse-power, and 18 cents 
pee square foot of radiation contracted for. 

Total Costs.—che total cost of the mechanical plant ($54,299) 
may be divided as follows: 


Per cubic Toot of apace .0234 
Per square foot radiating surface contracted for......... 3.00 
Per rated horse-power of boiler capacity................ 120.66 
Per indicated horse-power of engine capacity............ 144.80 
Per kilowatt of generator capacity.................s00: 241.82 


The total cost of building, including mechanical equipment, 
ready for the tenant’s use, was $301,000, or 9.9 cents per gross 
cubic foot, and 13 cents per cubic foot heated. The cost named 
included $20,000 for the use of the party walls of the adjoining 
buildings, and $10,000 for Luxfer prism glass, and $9,000 for a 
sprinkling system. The value of the ground was $200,000, 


making the total investment a trifle over $500,000. 
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Tests and Performance. 


During construction and erection the work was under the 
supervision of the engineers, and on completion it was submitted 
to careful inspection and tests to determine whether the con- 
tract guarantees had been met. Since going into service the 
plant has been under the observation of the engineers, so that 
close track has been kept of its performance. 

Section A—Boilers.—These were submitted to a number of 
evaporative trials to determine their capacity and efficiency. 
The details are not given here, asthe methods and results are 
of no special interest. The boilers, however, give good service, 
particularly in capacity, dryness of steam, and smokelessness. 

Section B—FElevators.—An exhaustive detailed test of capacity, 
speed, and efficiency was made on No. 5 elevator, type “ X 38,” 
situated in the northeast shaft, and on No. 1, type ‘Z,” located 
in the southwest shaft. Simultaneous readings at 2)-second in- 
tervals were taken of the voltage, speed, and current—the latter 
being checked by two instruments, two observers reading in- 
dependently. The live loads upon the platforms were obtained 
by weighing. 

The speed of travel was caleulated by dividing the revolutions 
of the armature by the known ratio between speed of armature 
and speed of car. The power consumed per trip was obtained 
by plotting the curves of current r adings (Pig. 110), the area of 
which—multiplied by the voltage —gives the watt hours per 
trip. This was reduced to mile of travel by multiplying the 
watt hours per trip by the fraction that one round trip is of one 
mile. The following table gives the results: 


Bievator. | Ueland, | Speed Up. | Speod Down, Kw, Hours pet) Remarks, 
Z, No. 1 147 271 268 3.14 
908 256 256 3.14 
- 2,997 153 157 4.22 Slow speed. 
ia 2,997 256 290 4.19 High speed. 
oi 4,000 147 192 4.05 | Slow speed. 
X 38, No. 5 147 153 153 3.14 | 
se 1,008 157 155 3.19 
bi 4,000 152 160 3.34 
ee 5,012 153 160 3.81 
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The observed data from the X 38 machine are plotted in Fig. 
110. It is interesting to note the current of return to the line with 
light loads ascending and heavy loads descending. 
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speed of 256 feet per minute, and with an economy per round 
trip slightly better than when operated at slow speed. This 
elevator carried 4,000 pounds up at 147 feet per minute, when 
operated on the slow-speed point of operating lever. 

The No. 5 elevator has a down speed of 153 feet per minute 
when running with operator only, and carries its full rated load 
of 4,009 pounds up at a speed of 152 feet per minute. This ele- 
vator carries 5,000 pounds up at a speed of 153 feet per minute. 

It is particularly interesting to note that the efficiency in 
kilowatt hours per car mile increased but slowly with increased 
loads. The kilowatt hours per car mile of travel are equal to 
good average practice, and will probably improve after longer 
operation of the plant. 

The adjustment of the starting devices on the elevators was 
found to be for a 2) to 3 seconds’ start. This made the start- 
ing current exceed the running current by more than the 50 per 
cent. specified, which was based on a 5 seconds’ start. When 
the starting devices were readjusted for a 5-second start, this 
condition of the specifications was practically met. It is a 
question of judgment, therefore, whether the tenants prefer 
a slow and easy start and a smooth-running electric plant, or a 
quick start and a correspondingly severe and sudden demand 
upon the dynamo and engine. 

Two dynamos were operated in multiple, running both ele- 
vators and lights. With a variation of load from 250 to 600 
amperes, the ordinary variation of voltage was from 220 to 226, 
and the maximum, 218 to 228. With a variation of load from 
200 to 500 amperes, the average variat‘on of voltage was from 
216 to 220, and the maximum 214 to 222. This variation did 
not affect the lights sufficiently to be noticeable, unless the 
observer’s attention was called to it, but has been further im- 
proved by a more careful adjustment of the elevator-starting 
devices. 

The wattmeter on switchboard shows the electric power used 
by the eight elevators from July 12 to 27, 1898, inclusive, or 
1384 hours’ operation, to have been 1,920 kilowatt hours, or an 
average electrical horse- power per hour of 18.6 for the plant, or 
2.3 horse-power per elevator. 

During the month July 12-August 12, 1898, the hours of 
operation were 283.5, and the average clecirical horse-power 


was 19.2, or 2.4 per elevator. Unfortunately, no records were 
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kept of the miles of travel during this time, but they may be 
roughly approximated as follows, taking the first period men- 
tioned : 

Assuming an average efficiency of 4 kilowatts per car mile, 
the 1,920 kilowatt hours mean a travel of 480 miles. The 
travel of the eight elevators per round trip is 1,608 feet, or .304 
mile. Dividing 480 by .304, the number of round trips is found 
to be 1,579 in 138.5 hours, or 11.4 per hour, or 5} minutes per 
round trip. As the average travel is about 201 feet, and the 
average speed about 200 feet per minute, the round trip should 
have been made in about a minute. This indicates that the ele- 
vators averaged about ! the time in motion, instead of } to }, as 
originally assumed for maximum service. 

It is gratifying to note that the power actually required to 
operate the elevator plant is considerably less than originally 
estimated. This is due to the use of apparatus of higher effi- 
ciency than assumed, to smaller percentage of time in motion, 
and to the loads contracted for being less than specified. 

The data in the following table, showing the relative per- 
formance of three elevator plants in St. Louis, will be found 
interesting. 

A and & are high-pressure hydraulic plants of the most 
modern type, plant A having a high duty compound crank and 
fly-wheel pumping engine, and / an ordinary direct-acting com- 
pound pump. The Hagardine-McKittrick plant is shown in 
column (', and is furnishing are and incandescent lights from 
the same bus bars. The fuel and water results are computed 
from the guaranteed efficiencies of boilers and engines ; the ele- 
ator data, however, being based on actual test. 


Cost of coal per ton of 2,000 Ibs.................26. $1.35) $1.50 $1.40 
Water evaporated per pound coal.................-. 8. | 8. 7.64 
Water required por 54.21 25. 
Kw. hours per car mile—average load 3.165 
Average 1.H.P per elevator July 12-Aug. 12, 1898...)... 3.00 


{ C. 
ae ‘ | 4 
day of 10 hours—average cents .....)........ 
Cost on basis of a round trip every 9 minutes—cents. 4.13 v4 ve ee . 
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The unfavorable showing of plant 2 is due almost wholly to 
the low duty pumping engine. The ordinary hydraulic plant, 
using low-water pressures, and ordinary duplex pumps—some- 
times not even compounded—is still more wasteful in fuel. The 
favorable showing of the electric elevators is due to good coun- 
terbalancing, reduced power with loads under the maximum, 
and compound steam engines. The tests of kilowatt hours per 
car mile were made with stops and starts at terminals only. 
The power required will, of course, be larger when many inter- 
mediate stops are made. 


Section C—Generators.—Exhaustive tests were conducted on 
the dynamos, covering capacity, heating, efficiency, and general 
operation, with varying loads, both under and above rating. Very 
satisfactory performance was found, and complete conformance 
with the rigid requirements of the specification. The efticiency 
of the generators at various loads was computed by means of 
indicator diagrams and switchboard readings, using carefully 
calibrated instruments. 


Seetion .—These were tested for capacity, cula- 
tion, and general performence, and were found acceptable. The 
following results were secured : 


Indicated horse-power 


Electrical horse-power at 
Iefficiency of engine and dynamo unit—per cent 


Water rate per indicated horse- power hour 


The latter was a trifle higher than the guarantee of 25, but 
the test load was a little too large, and the engine was a trifle 
out of adjustment. The engine efficiency was determined by a 
four hours’ trial, measuring the water which entered the boiler, 
and collecting the condensation in pipe system by means of 
separators, drains, and traps, and deducting its weight from 
that of the water which had been pumped through the measur- 
ing tanks. 


Section E— Wiring, etc.—This section required but few tesis, 
those made covering the points of insulation, resistance, and the 
operation of the 220-volt enclosed are lamps, and the accom- 
panying mechanism, switchboard, ete., all of which was found 
satisfactory. 

Section I’'—I/leating System.—Tests on this part of the plant 
have not yet been made, as they could not be carried on success- 
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fully until cold weather. The system, however, was in use dur- 
ing a number of cold days in October, and its performance was 
satisfactory. The Paul exhausters maintained a vacuum on the 
exhaust line of 15 to 20 inches, and the heating was done with 
}-pound back pressure, and, no doubt, could have been done 
with less. The circulation throughout the system was found to 
be complete, and all radiators hot, within twenty minutes after 
turning steam of !-pound pressure into the cold system. 

Section G 


Large Pipework.—No special tests were required 
on this work, other than the observation of the actual perform- 
anee of the different units in service. All were found to do 
their work satisfactorily. 


In conelusion, it is interesting to note the actual working 
efficiency of the plant as coinpared with that of the building 
formerly oceupied by the same tenants. There the lighting, 
heating, and elevator service were less than half that of the new 
building, as were also the floor space, cubic feet, and actual 
business transacted. The old building employed old-style 


boilers and furnaces, simple dynamo engines, and steam ele- 


vators. It was a corner building, however, and required but 
little artificial light during the day. In spite of this, however, 
the improved apparatus in the new plant has kept the cecal con- 
sumption down to only about 25 per cent. more than in the old 
building, although the work done has more than doubled, 


APPENDIX. 
A. 


Reeapitulation of Data as to C'osts, Patios, Pi rformance Ete. 
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EXHIBIT 


In using these figures, or comparing them with others, refer- 
ence should be made to the explanations in the body of the 
paper, to determine the exact meanings. 


Boiler Plant. 


Square feet heating surface per rated horse-power.............. 9.4 
Ratio grate to heating surface 


Cubic feet of buildin s—gross—per rated horse-power........ 6771 
Cost of complete boiler plant, per horse-power.... ..........-. $13.97 
square foot heating surface... 1.48 
Cost of ordinary boilers to do the same work, per rated H.-P.... 11.44 


gq, ft. HLS... 95 


> 
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Electric Elevator Plant. 


Cost per gross cubic foot of building—elevators alone....... ae $.0072 
‘* per gross cubic foot of building—elevators with engine and 
square foot total space—elevators alone.......... 105 
“ 


per square foot total floor space—elevators with engine and 


Kilowatt hours required per car mi'e of travel. ..............0-. 3.14 to 4.22 
Average electrical horse-power required per elevator........... 2.35 

Dynamos and Siritchboard. 
Cost per kilowatt of rated capacity....... $22.80 
Gross cubic feet cared for per kilowatt, for lighting.......... se 20,512 


all purposes.... 


13,541 


Steam Engines for Dynamos. 


Cost of compound engines with foundations, per rated TI.-P..... $11.38 


‘¢ per rated kilowatt of dynamo capacity.................. os 18.97 
‘* of simple engines to do the same work, per rated H.-P..... 9.64 
Gross cubic feet cared for per rated horse-power of engines...... 8,125 
Water rate—pounds per indicated horse-power per hour ...... : 26.79 
Cost of dynamos and engines per rated kilowatt of dvnamos..... $41.80 
horse-power of engines. .. 25.07 
Efficiency of dynamo and engine unit, per cent...... 80.77 
Wiring, Lamps, Fans, and Motors: 
Cost per kilowatt of dynamo, lighting capacity....... Vasa eenaee $42.10 
jneluding lighting, dynamos, and engines......... 83.90 
Heating System. 
Cubic feet gross space por ayenee foot radiating surface......... 169. 
Cost per square foot radiating $.39 
per cubic foot Pross space ...... 0... 
with boilers and piping ...... .0071 
Large Pipework and Apparatus. 
Cost per rated boiler horse-power............. $7.20 
‘square foot of radiating surface......... 18 
Complete Mechanical Plant. 
Cost per cubic foot of gross space... $.0178 
** square foot radiating surface contracted for..........+ 3.00 
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Cost per rated horse-power of boiler capacity... ...........000: $120.66 
indicated horse-power of engine capacity.............. 144.80 
kilowatt of generator capacity...... 241.32 


Completed Building. 


Cost of Bullding per CUBIC $.099 

DISCUSSION. 


Mr. A, K. Mansjield—The portion of this paper relating to the 
economy of the engines is of particular interest to me, for I am 
engaged in the production of engines, which are used in similar 
mechanical plants. Moreover, we have lately made a careful test 
of an engine—at the works of the Buckeye Engine Company— 
which is so nearly of the same size and power, and test was made 
under so nearly like conditions, that it may interest our members 
to compare the result with that given by Mr. Bryan. 

Our engine had cylinders 11 inches and 1% inches in diameter, 
its stroke was 16 inches, and revolutions per minute 225. It was 
run non-condensing, with initial steam pressure of 125 pounds 
above atmosphere, and when delivering 180 horse-power by card, 
its rate per horse-power per hour was 20.4 pounds. 

The exhaust was caught by a surface condenser and weighed 
accurately. 

The tests were made with the codperation and assistance of 
two government engineers, Messrs. J. E. Woodwell of Washing- 
ton and H. Adams of Baltimore, the engine being one of several 
which we have recently built for the United States Government. 

It seems fitting that this result should go on record here, in 
order to make it clear that the economy of operation of a mechani- 
eal plant of a commercial building may be much better than that 
quoted by Mr. Bryan. 

Mr. A. F. Nagle.—I desire to express my gratitude for the com- 
pleteness with which Mr. Bryan has presented the data of his 
paper. Itis of great value, and more of a similar character per- 
taining to other plants would be very desirable. 

I wish, however, to refer on page 271 of the paper, where the 
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author has required the engines to regulate under a steam fluctu- 
ation between 100 and 125 pounds pressure. 

I wish to ask the author why he makes provision for such flue- 
tuation of pressure? We are all aware that there are steam boiler 
damper regulators which maintain a pressure within one or two 
pounds, and in such a complete plant as Mr. Bryan has designed 
for this particular work, why does he not avail himself of a 
modern damper regulator to maintain uniform pressure? It is 
my opinion that not only has the damper a value in giving us all 
the advantages of uniformity of prcssure, but that it is also condu- 
cive to economy, fully paying for the cost thereof. 

Anticipating, perhaps, Mr. Bryan’s answer to this, that the 
Hawley Down-Draught people do not like to have an automatic 
damper attached to their furnaces, I will relate my experience 
with the Hawley people on this subject. In a plant which I am 
now installing with the Hawley furnaces, they advised me not to 
put in the automatic damper. The reason they give is that the 
closing of the damper throws the hot gases into the fire room. 
Discussing this matter with them, they agreed that they would 
try and attach the damper regulator to the furnace doors; but ina 
letter received from them only a few days ago, they advised me 
that this is impossible, but that if I will make the damper fit very 
freely in the flue, or adjust it so that it will not close up tight, the 
same end will be attained as if attached to the front doors. While 
T am not quite satisfied with this explanation, it seems to be the 
status of the state of the art at the present time, namely, that the 
damper regulator must remain in the chimney flue instead of 
being attached to the front doors. 

I wish to reserve for a little later communication some remarks 
I would like to make on the enclosed are lamp selected by Mr, 
Bryan for this particular plant. 

Mr. Jesse M. Simith.—While I think the author of this paper 
has gone into unusual and unnecessary detail for a paper to be pre- 
sented to a society of this kind, still it strikes me that in other 
particulars he has not given full information. For instance, on 
electric elevators, he simply refers to them as “ No. 5, type X, 
38,” and “ No, 5, type Z;” that may communicate some informa- 
tion to some people, but not very definite information to the 
majority of people, I think. 

Mr. Reginald Pelham Bolton—I lave some remarks to make 
upon this subject, which is one that I have made to some extent 
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my own in this city ; and if I might depart from the paper first to 
answer the question of Mr. Smith, who has just spoken, I think I 
could give him some light upon these types of elevator machines. 
They are both drum pattern machines, worm gear, driving direct, 
and the type Z machine, if Tam not mistaken, is a double-drum 
machine ; that is, with two sets of worm gear. In this paper 
there are, as Mr. Smith has remarked, a number of things that 
seem to have been omitted, while others have been considered 
with very great detail. The questions that the author put down 
for primary consideration included some which I should have 
thought would be disposed of without any consideration at all— 
as to whether power should be distributed by belting, shafting, 
rope-drive, or compressed air, in a building of that character. The 
consideration of the other points follows in very good order, 
although in this city the primary consideration is always the heat- 
ing system. More especially in the very tall buildings down town 
the heating is the primary necessity; that is an absolute neces- 
sity to the life of the tenants, and it is usually, in the bigger 
buildings we have here, the largest item. Once that is considered, 
the boiler power is fixed, and everything else should come within 
the limits of the steam that is used for heating purposes, and in a 
building of this particular size, it might be a very nice question as 
to whether they would not be very nearly balanced. But the 
author seems to have arrived at the conclusion that his services 
would exceed the amount of steam required for heating the build- 
ing, and to have proceeded on that assumption. That leads 
directly to the question of the amount of heating surface that he 
provided for this building. I notice that his original specifications 
‘alled—and I consider very properly—for an amount of 24,000 to 
25,000 square feet of radiating surface. That was arrived at by a 
series of calculations which are made on the ordinary system,-the 
data for which he gives us here; and by looking into the plans of 
the building without its elevation, it would appear to be not in 
excess of the requirements. Even that, however, was arrived at 
with au assumption that the outside temperature of the atmos- 
phere did not fall below 10 degrees below zero; whereas I 
assume in St. Louis, as here, you are very liable to get zero 
temperature with a very strong wind, which is the most serious 
condition. Now, I have found in my practice in this city 
that the wind is a far more serious element than the actual 
temperature itself, and that an allowance has to be made 
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for it according to the conditions of the height of the building. 
That element I do not see taken into account here. I might 
say, in connection with that, as illustrating the difficulties that 
are met with on account of the wind, that in one of the tall 
buildings that I have in charge, the first story and the second 
story were considered to be sufficiently protected by the sur- 
rounding buildings, and the heating surface was proportioned 
accordingly. It happened that at the back of the building there 
was a V-shaped court (formed by this tall building, which is 208 
feet high, and also a building at the far end of it), opening to the 
southeast. At certain points of the wind, not only direct from the 
southeast, but also from the northwest, the wind would back up 
in the bottom of that court and force its way into the windows of 
the first and second stories through leakages there, at a most 
undue rate of speed. Through an anemometer four miles an hour 
speed was registered just inside the window crack, and that makes 
a condition of service which renders your heating surface a very 
doubtful element. It was a curious fact that heating surface was 
taken temporarily from the fourteenth story of the building and 
transferred down to these first and second stories, and the effect 
on the fourteenth story was not very deleterious. 

The author appears to have allowed the bidders on his steam- 
heating plant the option of taking his heating surfice, or of 
changing it to a less amount on a system of removing the air by 
the Paul system, provided they brought up a guaranice that they 
would heat the building. That put a great deal of power in the 
steam-fitter’s hands, and the result is that he gets in his building 
now the advantages of the Paul system, which are undeniable, 
but he only gets 18,000 square feet of heating surface. Now, that 
reduction of the heating surface was evidently arrived at, accord- 
ing to my view, on the steam-fitter’s part, by taking chances 
which the author himself was not prepared to take. For instance, 
I think you could find that the reduction from 25,000 to 18,000 
feet was arrived at in this manner; that the exposed side of the 
building, that the author brought into his computation, by the + 
10 W in Carpenter’s formula, was neglected altogether. There 
are 750 square feet allowed in connection with the exposed 
side of the building. Now, the exposed side of the building was 
not really exposed, because there was another building alongside. 
The author assumed that the building was unoccupied, and he 
had assumed for that wall as low a temperature as 32 degrees. 
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The riser pipes, also, were taken into account, and about 500 square 
feet were knocked off the radiators on account of the riser pipes. 
Now, the author, I think, took a heat-unit distribution through his 
radiating surface, of 288 units per square foot per hour. I think 
that the probability is that the steam-fitter took 300, which would 
add about six per cent. to that value of his heating surface, and 
would knock off another 1,200 square feet. And, then, the com- 
mon computations and assumptions of all heating men are based 
generally upon zero outside and 70 degrees inside, whereas the 
specification issued by the author permitted a more generous 
assumption. That made considerable difference, and I should 
expect an ordinary steam-fitter’s computation would knock off 
as much as 3,000 or 4,000 feet on that account. Those items 
account for the reduction of heating surface. It is possible that 
18,000 square feet would heat that building fairly well, but their 
relation, standing as they do at 1 square foot to 100 cubic feet of 
contents, is in my judgment altogether too small. We would not 
permit that in this city. Of course the computations and com- 
parisons based on cubic feet of contents to square feet of surface 
are mainly unreliable, and no definite results can be expected 
from them. Basing steam-heating surface on the contents only, 
you will find such cases as I found about a year ago—a small 
room on the eleventh story which had four windows exposed to 
the southwest, and the steam-fitter had placed in it the ordinary 
amount of surface on basis of 1 foot to 70 eubie feet. It was ut- 
terly insufficient. A rough computation made on the spot on the 
glass surface, showed him that his proportion should be 1 to 35, 
and that amount proved to be necessary. 

The saving clause on the system that has been put in this build- 
ing is the use of this Paul device for reducing the back pressure 
on the machinery, and circulating at a very low tension. That is 
a very meritorious system indeed, and it seems to my mind prac- 
tically the only successful way of dealing with a condensing sys- 
tem, such as the heating system now is—that and the Webster 
system, with which I have had very great success. I might say 
it has always appeared to me that the problems connected with 
the plant of a commercial building are precisely on similar lines 
to those of a vessel. You may regard a big building as being a 
ship at sea. It stands isolated from its neighbors. You bring 
into it coal and water supply, and you have certain services 
which must be kept running a certain number of hours a day, 
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and they are as necessary to the life of the building as the run- 
ning of the engines are on board a ship. The condensing system, 
which is the heating system, running as it does for about one- 
third part of the year, is also an absolute necessity, and should be 
taken into account. But if the condensing system for a third of 
the year imposes on the rest of the machinery « condition of back 
pressure which puts much of it at a disadvantage, then a building 
on these lines cannot be regarded as an economical or well- 
arranged building. ‘The common practice, even in our big build- 
ings down town, has been to put in ordinary gravity systems, or a 
single-pipe system, and the pressures with these to-day down town 
range as high as ten to fifteen pounds, and that is exerted as a 
back pressure on compound pumps and compound engines in some 
cases, and the curious result follows that the steam consumption 
becomes cumulative. The pumps, as the day’s work increases, 
use more and more steam, until finally the condition is reached at 
which they exhaust steam to the atmosphere, wasting steam all 
the time, while they should normally be only supplying enough to 
heat the building—throwing away steam all the time that it is re- 
quired in the building. In other cases they have had to eut the 
pumps adrift and let them exhaust direct to the atmosphere and 
not into the heating system at all, in order to do away with the 
back pressure. Therefore, the adoption by the author of a system 
of reducing the back pressure was a very meritorious feature of 
the building. 

I would like to remark on the preference that is given to the 
water-tube boilers. I think that the author did not give sufficient 
prominence here to the feature that where you have to place 
boilers right under a building, with so many human lives over 
them, the risk of destruction of the building by explosion is a 
primary consideration, and considering the relative cost of boilers 
to the other plant, the extra cost involved in water-tube boilers is 
a flea-bite compared to the security that they afford. While the 
water-tube boiler is liable to accident, as well as any other, the 
idea that the accident to which it is liable is only of a nature that 
kills the engineer that operates it, and not the tenants in the 
building, is one that sometimes appeals to all of us. 

I might make a remark on rather a curious feature that the au- 
thor brings forward here as to the tenants paying for a portion of 
the plant. That seems a very novel proposition to us in this 
city. Here the owner cannot put in enough machinery to oblige 
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his tenants. Sometimes when his tenants get in he has to add to 
his machinery to oblige them, 

Tn specifying the requirements of the boilers, we come to a point 
that I have had some considerable suecess in ; that is, in drawing 
the specifications so that the boilers shall all be presented on a 
reasonably even basis. It does not do to lay down heating sur- 
face, for then you get all the controversy brought up as to the 
relative value of heating surface. It has appeared to me to be 
better to draw a specification in which I first lay down chimney 
conditions ; secondly, the coal that I was prepared to supply for 
the work; and thirdly, the amount of coal that I desired to burn 
on the grate per square foot of surface, and then call for the re- 
quired amount of evaporation, just as the author does here, from 
a certain temperature, which in our practice here is 208 degrees, 
to steam of a certain pressure. The result has been, in my prac- 
tice, that bids for the boilers have come in on a remarkably even 
scale. In a recent case where I drew specifications for 500 horse- 
power, the bids all ranged within a very small percentage of each 
other, and the boilers got a fair representation, each manufac- 
turer, of course, basing the value of his boiler on what he esti- 
mated he could do under those given cireumstances. But it does 
appear to me that without the chimney conditions the boiler bid- 
ders are at a considerable disadvantage. 

Passing on to the next feature that is considered, the elevator 
system, the author rightly says it is the most complicated problem 
he ever encountered in this matter, and I think that it is very apt 
to be complicated, on account of the extreme division there is 
between the different interested parties on the subject. I happen 
to have waded through the thick of this question, and to have 
ascertained a good many facts upon it which I hope at a later 
period to present to the Society, but this paper brings up some of 
them which I might present at this moment as bearing on this 
particular installation. The elevators which were installed in this 
building were those with a very heavy load and a very moderate 
speed, and they were of this screw type, with drums. They do 
not altogether compare with our elevators for: passenger service 
in this city, where we are running on a regular schedule, and 
running at a higher rate of speed, but still the same general con- 
siderations apply. I notice that the author, in specifying his 
hydraulic elevators, called apparently for a type of hydraulic ele- 
vator which would appear to us here to be disadvantageous ; that 


an 

4 


302. MECHANICAL PLANT OF A MODERN COMMERCIAL BUILDING. 


is to say, he said that the water pressure for the hydraulic was not 
to exceed 750 pounds at the pumps, evidently a high-pressure 
system which has been adopted in one case in St. Louis, and only 
in one case, with moderate success, in this city, the American 
Tract Society's building, and he specifies an accumulator instead 
of a pressure tank which, of course, would be necessary with that 
very high pressure. That made the invitation for a hydraulic 
system somewhat abnormal, and I should imagine considerably 
to the disadvantage of the hydraulics. The results that the 
author presents in the table on page 291 are subject to some 
criticism. Table 1 appears to relate to a high-pressure hydraulic 
plant of special type, which is also referred to in an earlier stage 
of the paper, and which I take to be the Cupples plant in St. 
Louis, if I mistake not. I do not wish to do any injustice to the 
Cupples plant, but it is a plant consisting of forty elevators in a 
very extensive series of warehouses, carrying very heavy loads at 
very slow speeds, with direct-acting rams, and at a pressure of 
745 to 750 pounds per square inch. ‘The gear of these elevators 
is only 2 to 1, and consequently the internal friction of the ma- 
chine is very low ; indeed, also the operation of forty elevators 
produces a fairly even load upon the generating plant, and can 
in no sense be compared with any other hydraulic or electric 
plant in such a building as is under discussion. I had the figures 
of the Cupples plant, and made an analysis of it, which is of too ex- 
tensive a character to enter into to-day, but those are the prime 
features of it. The average lifting speed is only 150 feet a 
minute, I believe. 

The second plant, “ B,”’ appears to be an ordinary direct-act- 
ing compound pumping system, and the author gives as the result 
of the plant—I do not know with what degree of closeness it las 
been ascertained—the figures in column “B.” Ihave some fig- 
ures, also, bearing on that—comparative figures—of which I will 
speak in a moment. And then in “C” he gives us a column of 
the results ascertained from the use of the electric elevators in 
this building, noting at the same time that the fuel and water re- 
sults are computed from the guaranteed efficiencies of the boilers 
and engines, the elevator data being based on actual test. That 
is very good as far as it goes, but a good deal of this column of 
information is attributable to the very questions that are com- 
puted only from guaranteed efficiencies, and therefore are not 
definite, I notice at an earlier stage of the paper he mentions 
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that the engines did not reach their guaranteed efficiency. Now, 
that brings this question up: In taking the guaranteed efficiency 
in asteam engine, which is driving an elevator load of fluctuating 
character, you will generally find a considerable amount of dis- 
appointment. I have on actual test made a ranning trial of a 
simple engine driving five electric elevators on a schedule, on a 
very light average load in the cars. That engine was installed 
under a guarantee of 33 pounds of steam per indicated horse- 
power per hour. It was ‘an engine that was working under the 
Webster system, in which there was no back pressure in the 
house heating. It appeared as the result of the test that the 
average steam consumption of that engine was 56 pounds per in- 
dicated horse-power per honr. That was entirely due to the 
fluctuating character of the Joad, which load varied all the way 
from zero to 25 per cent. over the maximum power of the generator, 
at intervals of one and two seconds, so that the steam consump- 
tion cannot be assumed and the coal consumption cannot be as- 
sumed from any guaranteed efficiency on an engine working such 
a load as that. It would be equally unreliable to take the 
guaranteed efficiency, or guaranteed work of a hydraulic pump, 
say a compound pump, for which the makers will guarantee 66 
pounds per pump horse-power per hour, for if you go to test 
that on an elevator system you will find that the pump is 
creeping at times, and overrunning at times, and your steam 
consumption will creep right up on you, and you will be very 
much disappointed in your guarantee. It is simply a ques- 
tion of steady and irregular loads, and working conditions also. 
Now, the pounds of coal given here | take it are related to the 
ear mile and are extraordinarily low under this computation 
—17.73. As an actual result of the tests that I have, I got all 
the way from 40 down to 30 pounds of coal per mile run with the 
elevators, and that result, compared with the tests that have been 
made on a compound pumping plant, puts the electric elevator 
plant on parallel lines with the compound hydraulic plant. It 
might perhaps be of interest if I gave the result of a comparison 
that I have made in this city, based on a service of eleven miles 
an hour. This, of course, is passenger elevator work—not carry- 
ing freight at all. It is at a speed of about 415 feet a minute. 
The compound pump, using 70 pounds of steam per pump horse. 
power per hour, gives a cost per mile of 9.44 cents, and I have 
found that an electric elevator, when fairly loaded with 800 pounds 
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average load, comes out about that same figure. I might inci- 
dentally mention that as far as hydraulics are concerned, the very 
successful system of pumping by double pressures at the Bowling 
Green building has shown itself to be the most economical way 
of handling the elevator problem. That system has to pump 
with a triple expansion pump all the water required for the eleva- 
tor service under a sufficient pressure to raise the average load in 
the car. In that case 120 pounds is the pressure, and tlie aver- 
age load elevated by that 120 pounds is 800 pounds in any ear, and 
at that load it will run at its full speed. Now, if the average load 
is exceeded, the operator throws the lever over into the further 
notch and he takes in high-pressure water. That high-pressure 
water is provided by a compound pump drawing its suction from 
the 120-pound tank and pumping into a 210-pound tank, and the 
210-pound water is piped over on the same valve, the valve being 
provided with a little additional movement by which, when the 
lever goes over to the forward notch, it passes over a second port 
and admits higli-pressure water. I made a test of that method 
of pumping, which has not been previously made known, and 
which gave some really very remarkable results, under cireum- 
stances that would compare in a very even fashion with this par- 
ticular plant under discussion. I had ordinary high-pressure 
duplex pumps, supplied with 85 pounds of steam, and delivering 
over into a condenser supplied with a liberal amount of city water, 
producing complete condensation, and the condensation was 
weighed into tanks, so that the test was of a very precise nature. 
The elevator was loaded with cast-iron weights, weighed in and 
out, in order to compare the results. The conditions were such 
as I have named; that is to say, the two pressures were what I 
have already mentioned, and the average load was 780 pounds. 
We started out with an average load in the ear, taking all the 
water from the lower pressure. We got a consumption of 192 
pounds net of steam to the mile. That is obtained by an ordi- 
nary elevator plant with a non-compound pump. By successive 


increments of load, which required the use of high-pressure water, 
that was brought up to the final point of 387 pounds net to the 
mile, by the gradual increase of the use of the second, or high 
pressure, pump, and the remarkable fact was that the high-pres- 
sure water seemed to proportion itself to the amount of load in 
the car, by a sort of injector action, the water going in and unit- 
ing with a portion of low-pressure water, so that the water used 
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from the high-pressure tank is directly proportional to the in- 
crease of load, from the average load upwards. 

I apologize for trenching so much on the time of the Society, 
but the subject is a very interesting one. 

I would like to add further that in the selection of the engines 
and generators for this work, while I have not any eriticism to 
make on the subject of putting in a large machine, it was not 
necessary, outside of the use of electric elevators, to put in ma- 
chines of this size. The lighting load of this building could have 
been earried with two generators of a smaller size than the two 
finally selected. Therefore, the cost of the elevator plant should 
be charged not only with the third unit, but with the increase of 
the two first ones. That is a matter that is constantly coming up 
in my practice, and I think that the best way with these things is 
to treat them entirely fairly. The electric elevator is a good 
thing, but like many other good things they come high and you 
have to pay for them. I have no objection to paying for them if 
the advantages are relative to the cost. 

The author speaks of the question of the cost of repairs. It 
is an unfortunate thing that the cost of repairs of electric ele- 
vators is high. The nature of the apparatus is such that the wear 
and tear upon them are severe, and I found that that is a very 
serious item to be added to the cost of running the elevator 
plant. The selection, by the author, of a compound engine I 
cannot altogether follow. Even with the absence of back pres- 
sure, the variability of the load on a compound machine, in my 
judgment, has too great an effect on the operation of the engine 
to justify the extra cost of a compound, and we get more reliable 
results out of a single engine, especially when you work the build- 
ing, as we often do, short-handed. 

I might add to the corrections of the author, that on page 24 
the figures are probably inverted there by error 


cost per cubic 
foot of gross space and cost per cubic foot of heating space are 
inverted. I think the error would be worth clearing up there. 

Mr. George Hill.—The paper, it seems to me, is similar to the 
one that was criticized yesterday in that it is like a meal prepared 
without salt. There is a good deal of information in it, but the 
operating economies are not stated. To remedy that defect I 
telegraphed Mr. Bryan yesterday, and have a telegram from him 
in answer, which I will refer to in the proper place. 

The clause on page 243, in which the author separates engineer- 
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ing work into plumbing, sanitary and structural arrangements, 
and the mechanical system and electric plant, seems to me to 
give an undesirable subdivision. Some six years ago I published 
the opinion that all of the engineering work of the building ought 
to be the design of one engineer, in order to produce a_har- 
monious result, and all the experience that I have since gained 
only serves to emphasize that view. 

On page 245, in mentioning the various possible combinations of 
heating and ventilating systems, the author says: “If hot air or 
indirect, shall it be by the natural or hot blast system?” TI have 
had some experience with a combination office and lodge-room 
building of about the same cube as this building, and while the 
heating was entirely successful from the heating point of view, 
yet from the tenants’ point of view the indirect system of heating 
is not a success, nor should I judge it to be desirable from the 
owner’s point of view, in that the amount of space required to 
accommodate the ducts is very large. 

Further down the page the author says: “It is impossible, 
therefore, to draught general rules.””. That seems to me a little at 
variance with the facts; we must be governed by general rules, 
varying from them as special conditions dictate. 

On page 246 the author says: “In the designing of this plant a 
prime consideration, and one which always presents itself, was the 
necessity of getting a high grade installation for as little first cost 
as possible.” It would seem that as all buildings are judged 
finally from the owner's or economical point of view, to produce 
revenue, the best plant is obtained when the operating cost, 
charging into that the interest and depreciation on the plant, is 
at a minimum. 

On page 250 the author mentions the fact that of course there 
are some features that could not be definitely decided upon in 
advance. That is entirely at variance with my practice. We 
decide in advance what is needed and then obtain from contract- 
ors their tender to do this work, and it indicates a lack of experi- 
ence where an engineer demands of the contractors four or five 
different sets of bids in order to enable him to make up his mind 
as to what is the best plant to put in the building. This is further 
evidenced on page 262 and on page 283, where there are require- 
ments stated for the elevators as indicated by the tenants, and 
then practically cut in two when they found out what those re- 
quirements meant in dollars and cents, showing that either the 
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tenants did not know what they were talking about, which is 
probably the case, or else the engineer was willing to let them 
ask for absurd requirements so as to get the credit of reducing 
later on. 

Referring to page 250 and part of page 254, the notice to bidders, 
general clauses relating to the specifications, etc., I find nothing 
therein mentioned as being different or new or in addition to what 
has been my practice for ten years past, and what has been good 
practice in specifying for similar works, I think for probably 
fifteen years past, and it would seem that these parts might very 
well have been omitted. 

The computations in regard to the boiler horse-power, ete., 
pages 255 and 256, are very interesting mathematically, but a more 
certain method of ascertaining the requirements, ete., of the plant 
would have been to have compared it with a somewhat similar 
plant designed by the author, making the necessary allowances 
for special conditions. 

The lay-out of the boiler room, shown on page 255, Fig.105,seems 
to be open to criticism on the score of excessive length of steam 
pipe. My practice for such a lay-out as this would have been to 
have run the main steam pipe through just to the right of the 
branch to the middle engine, and put in, instead of an eight-inch 
pipe, a nine-inch pipe, so as to have a section of pipe acting as 
a receiver. This would have eliminated bends, decreased friction 
and decreased cost. 

On the following page, Section G, the arrangement of piping 
and feed-water heaters on the exhaust main is different from my 
practice, introducing a considerable number of unnecessary bends 
and an excessive length of piping. My practice is to run the ex- 
haust as direct as possible and then put the feed-water heaters on 
a closed branch from the exhaust pipe, so that the closing of a 
single valve shuts the heater off, and I find no diffieulty in getting 
feed water from such heaters at a temperature of 200 degrees or 
slightly above. 


On page 265 the author states the water per horse-power of the 
steam elevators as about 67 pounds; 100 pounds is nearer the 
truth. 

On page 267 the author speaks of the departure from established 
practice in adopting 220 volts pressure instead of 110. This has 
been my practice in all the installations made during the last three 
years, and I think Ihave been anticipated by other engineers who 
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recognize the advantages from saving in copper and using the 
higher voltage motors. 

The specifications on page 268 relating to the generators are 
mentioned as being rather rigid. It may be that they are for the 
type of generator that was purchased, but for the type of gen- 
erators that I have been in the habit of using, that is the Eddy or 
the Western Electric generators, the requirements are very easy 
indeed. The subdivision into three units of uniform size is 
undesirable. It would have been better to have put in two 100 
kilowatts and one 50 kilowatts machines, one of the 100 kilo- 
watts machines being driven by a single engine. In this way the 
expense would have been decreased, the efliciency of the plant 
increased, and the author would have furnished us with positive 
information as to the real advantage of using compound engines. 

The copper brushes mentioned as being used may give satis- 
factory service. I have tried both copper and carbon brushes, and 
I find that the carbon brushes are much more satisfactory in use ; 
in one particular instance we had a 50 kilowatts generator out of 
which we needed to get the full capacity. We could only get 35 
kilowatts with copper brushes, owing to the smallness of the 
commutator, small actual contact and sparking. Afterwards we 
put on carbon brushes and had no difficulty at all in getting the 
full 50 kilowatts without sparking. 

In regard to the switch board mentioned on page 269, the re- 
quirements are altogether too lax. The statement that the 
conductors were to be proportioned so that the temperature would 
never rise more than forty-five degrees Fahr. above the surround. 
ing air, and the lack of a requirement in regard to the character 
of the switches, the current density at points of contact where 
joints are to be made, and the lack of mention of the exclusion of 
anything but copper in the circuit, are all important features in 
any installation, and should not have been omitted. My own 
practice is to design my own switchboards, on which IT use switches 
of my own design, in which the number of joints is eut down to one- 
quarter of that in the ordinary practice. Nothing but copper is 
in the electric circuit, and the current density at points of contact 
where joints are made, is reduced to 40 amperes per square inch 
as & maximum, and in the switches of 250 amperes carrying 
‘apacity, the current density is down to 25 amperes per square 
inch. On these switch boards the rise in temperaiure above the 
temperature of the surrounding air is so small that it requires a 
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person of very sensitive touch to be able to tell which of the 
conductors that are of bare copper bars have current on them and 
which have not. There is just an appreciable difference in tem- 
perature between the two, and no more. The losses which occur 
due to bad contacts and the heating of bus bars are quite con- 
siderable, and in a carefully designed plant they should be carefully 
looked after. 

On page 270 the author mentions that “the fuel-saving would 
have been small, as the exhaust is used for heating during the 
five months of cold weather, when the load on the engines is also 
a maximum.” In New York City, in the plants that I have 
charge of or have designed, we calculate on a steam service of at 
least six and a half months, and it would appear that he meant 
seven months instead of five, for the St. Louis temperature is 
lower than that of New York, and consequently the months of 
steam service should be greater. 

Timagine that very few engine builders will accept the clause 
on page 271, in which it is stated that the crank pin is to be of the 
same dimensions as the shaft. All of the engines I have been 
purchasing for the past few years have had the crank pin of a 
larger diameter than the shaft. It isa small detail, but rather an 
important one in securing satisfactory service from the engine. 

In Section E, pages 271 and 272, almost the entire page could 
have been omitted by the substitution of a clause that the under- 
writers’ requirements were to be complied with, since almost all 
the points mentioned here are covered very carefully in the under- 
writers’ rules. 

On page 274 the author mentions the method of ascertaining the 
heat losses. I tind that Tcannot compute in that way. I, to be 
sure, use the units given by Mr. Wolff, which are the units adopted 
by the German Government; but I find it necessary to make sep- 
arate computations for each floor, owing to the differing thick- 
nesses of the wall, the heat radiation into the ground in the 
basement and into the air on the roof. So instead of a short 
formula, which can be applied to the entire building, I find that 
my computation books, which are about 9 inches by 12 inches, 


have seven or eight pages filled with the results of computations 
for a single building of this size. 


The question, I think, could be advantageously raised as to the 
economy of using a steam house pump as mentioned on page 280. 
For some years past I have abandoned it entirely, and, so far as I 
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could see, with a considerable resulting economy, In an installa- 
tion of this kind, where there is during a certain portion of the 
day but a small lighting load, and consequently the entire load is 
on the elevator, the additional load on the generators due to the 
house pump would serve to steady the voltage. 

With the exception of the price mentioned for the steam-heat- 
ing work, T find that the prices that the author quotes are not 
exceptionally low ; but that on a considerably smaller installation 
that I am now making, that is where Iam using 30 kilowatts 
units instead of 75, the prices are as low or lower than those he 
quotes. In the steam-heating system, however, it is probable that 
the Paul Company struck off a considerable margin of cost in 
order to get the contract, for advertising purposes. The elevator 
prices are not at all low. IT think that Mr. Bryan could probably 
have saved ten or fifteen per cent., judging from prices that I have 
had recently quoted here in New York for elevators of equal 
grade, but higher speed and higher duty, and from the fact that 
the machines installed exceeded the contract requirements by a 
large percentage. 

The figures, as given on pages 203, 204, and 295, are especially in- 
teresting as showing the difference between promise and perform- 
ance. We find the test duty very high, the kilowatts hours per car 
mile, the coal per kilowatts hour, the coal per indicated horse- 
power, and so on—all very low. But when we compare from the 
owner’s point of view the number of pounds of coal burned in the 
building with the number of pounds of coal burned in similar 
buildings, we find that the apparent economy has disappeared. 

On page 293 the author says: “In spite of this, however, the 
improved apparatus in the new plant has kept the coal consump- 
tion down to only about 25 per cent. more than in the old build- 
ing, although the work done has more than doubled.” In 1894 the 
American Book Company employed me to advise with them in 
regard to the installation of their new plant to go in their new 
building—the New York University building on Washington 
Square. They were manufacturing in three separate factories, 
from each of which I obtained records of coal consumption, water 
consumption, number of men employed, ete. To manufacture 
14,000 books per day, there was a fuel cost of $45. In the 
new plant we are turning out about 20,000 books a day, with a 
fuel cost of about $3.50, and in addition we are handling all of 
the stock through nine stories, storing and shipping that stock ; 
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serving the New York office on the first floor, the general offices 
of the company on the second floor; running a high-speed hydran- 
lic elevator serviee to three other floors of the New York Univer- 
sity, and lighting and heating the entire building, in a most 
exposed situation. 

To determine the question of economy, I sent to Mr. Bryan a 
telegram asking what the coal consumption per hour was; he an- 
swered: © In July, 700 pounds common coal per hour; November, 
1,000: subsequently he wrote that he considered 750 pounds as 
the equivalent of 600 pounds of our anthracite buckwheat. The 
following table, with the explanation, will show the result in com- 
parison with some of my plants in the East: 


Divs 
Coal Per 
Namie Cubie Liehts Motor Klevators al Per 
Working Lr 
Commerce Realty.....2,815,600 2469) 1-4 IL, 2-1500 x 800) [750] Ibs. 
211500 x 225 600 
4-1800 x 150 
American Book Co... .2, 180,000 18380 280 11. P. 2-8000 x 400 
32500 x 250 503 
3000 19 11. P 2-3000 x 400 
DeCourev B’ld@....... 183 000 S00 P. 38-2500 x 250 
1—2000 x 200 
The Commerce Realty is the building described in the paper The coal con- 
sumption in brackets is as stated to me in a telegram from Mr. Bryan. The 


figure 600 is Bryan's estimate of the equivalent coal consumption in anthracite 


buckwheat. 

The American Book Company: general offices, storerooms, printing and 
book-binding establishment; output 20,000 books per day ; the two high speed 
elevators are hydraulic, others electric ; there are two sidewalk lifts in addition ; 
hydraulic elevators installed because of owner's requirement This was the 
pioneer electric transmission plant in a book manufacturing establishment. The 
duty of the elevators is very severe, since the hydraulic machines make the first 
landing at the eighth st ry, an l are in constant demand, and the electric machines 
are used for passenger and freight service constantly. 1 should think that the 
duty in useful work done was fully double that demanded by the Commerce 
Realty. In addition to the power development, live steam is furnished to the 
paste-making kettles, through a pipe over 100 feet long, the amount required being 
unknown. There are four dozen glue kettles kept at a temperature of about 180 
degrees, by means of electric stoves. 

The Temple Building, oceupied in part by offices and in part by lodge rooms 
for Odd Fellows’ meetings. Elevators hydraulic, running a large number of car 
miles and always heavily loaded. The building is not well lit naturally, and 
there are in consequence never less than 200 lights burning. 


The DeCourey Building is a manufacturing building, and in addition to the 
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power consumption indicated by the plant, live steam is furnished through an 
inch and a-half pipe for paste making, steaming caps, boiling water, etc., that is 
in constant use. The weekly record of pounds of coal per hour and kilowatts 
hours of work done shows but a very slight relation. The output of the engines 
varies from 25 per cent. to 125 per cent. of the rated capacity, the average fluc- 
tuations being about 25 per cent., and occurrins almost continuously. Practically 
a little live steam is required for heating in severe weather. The hours of service 
are very long, running 337 to 423 hours per month. The coal consumption for 
the past year has been 405 tons. 

All of the above hydraulic elevators are operated by compound duplex 
pumps. ‘The engines are all simple high speed, operated at pressures from 80 to 
100 pounds. The coal burned is anthracite buckwheat. It is to be borne in 
mind that the fluctuations in load are instantaneous, so that while the engines 
rarely make three successive revolutions at the same cut-off, the demand for steam 
from the boilers is practically uniform, and it is possible to operate them, firing at 
a practically uniform rate. The elevator capacity is expressed in pounds and feet 
per minute, 1,500 x 300 being read 1,500 pounds, at the rate of 300 feet per minute. 
The plant under discussion has not been yet tested for heating, and so no com- 


parison including heating is yet practicable. 


In the case of the American Book Company, before ground was 
broken for the building, in fact before the plans were completed, 
I presented to the company six alternative lay-outs, with estimates 
of cost of installation and operation, prepared entirely by myself, 
one of which was adopted and executed. The correctness of my 
estimates has been practically proved by the working results of 
nearly three years. 

The table presents very forcibly to my mind the question as to 
the real economy of any of the so-called economical engines for 
use under the conditions of a building with a fluctuating load, due 
either to elevators or to any other condition of service, excluding 
the sky-seraping office building and the mill building. For the 
purposes of a commercial building or a manufacturing building or 
any building where there is a constantly fluctuating load, such as 
there is of necessity where separate machines are employed, it 
seems to me that the experience had is conclusive against the 
high-duty engine. Others more familiar, perhaps, with the design 
of engines, can offer a more correct explanation of it than I, but 
it seems to me due to the fact that there must be excessive cylin- 
der condensation. 

Mr. C. R. Pratt—Mr. Chairman, I would like to introduce 
my friend, Mr. George IH. Hill, the Chief Engineer of the Elevator 
Department of the Sprague Electric Company, but not a member 
of this Society, who installed these elevators at the Commerce 
Realty building, as Mr. Hill has at hand complete data of the 
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history and performance of this plant, and may be able to correct 
some erroneous impressions created by the last speaker. 

Mr. George Il, Hill—My. Bryan’s paper has been so very satis- 
factory, as far as electric elevators are concerned, which is the 
topic of interest to me, that perhaps any further remarks of mine 
are not necessary. But I would like to call attention to a few points 
Which might be of interest. The plant which has been discussed 
is entirely acommercial one, selected for commercial purposes, and 
not intended to show any abnornally high efficiency or remarkable 
performance of the elevators. In fact it includes a number of con- 
ditions which are rather adverse to a high showing of the eleva- 
tors. For instance, the cars are very large, being 8 feet x § feet, 
or a square-foot area of 64. The speeds are low, as had been men- 
tioned. The rails are of wood, which introduces more friction than 
steel rails, and the cars are corner post, and in all but three of 
the machines there are an extra number of idlers. The machines 
could not be placed directly at the edge of the hoistway, and 
the machine of which the test is given had a double set of 
idlers, thus increasing the friction losses. At the same time, 
with all these disadvantages, the efficiency of the machine, 
as a hoisting machine, is extremely high. This can be seen from 
Fig. 110, which gives the current consumption of the freight 
machine which was tested. This machine, as will be seen, carried 
a load of 5,000 pounds, and although not stated, the over counter- 
balance on this ear was 2,000 pounds. This gives a net load 
carried on the ropes of 3,000 pounds, at a speed of 153 feet a 
ininute, which represents 14 horse-power of actual work done. 
The power absorbed is seventy amperes at 220 volts, or a horse- 
power of twenty, giving a total efficiency over the whole machine 
of 70 per cent., which I think everybody will recognize as an ex- 
tremely high figure for an elevator machine. This includes the 
efficiency of the motor, the efficiency of the worm gear and 
of the friction losses, which in this case, as mentioned before, are 
rather high, on account of the double idlers, corner wooden rails, 
and large cars. 

There is another point which might be mentioned, and which 
has been brought into prominence in the table given on the board, 
namely, that the duty of those elevators appears small com- 
pared to the other plants. Those requirements were the altered 
specifications of the engineer, and while they may have affected 
some of the proposals, they did not the particular ones which 
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were accepted, and the machines installed, as the tests show, are 
very much in excess of the duties given. For instance, the first 
two machines are run at 300 feet per minute, and carried an 
actual load of 2,500 pounds under test. The other two machines 
carried, instead of 1,500 pounds at 225 feet per minute, 3,000 
pounds at 256 feet per minute, and the same machine 4,000 
pounds at 150. The other, rated here at 1,800 pounds at 150 
feet, carried 5,000 pounds at 150 feet. This will bring the duty 
of the elevators more than 100 per cent. above what is shown 
there. The author also attributes the high performance to his 
reduction of requirements in the specifications, which you will note 
were not reduced, but are really above this or/ginal specification 
by a considerable amount, and 100 per cent. above his later re- 
quirements. This destroys this item in that clause, and places 
more emphasis upon the efficiency of the machine. 

There is another point to which attention has been called be- 
fore, but which I would like to emphasize, namely, that the rat- 
ing which is customary in elevator service, and which is adopted 
by Mr. Bryan, of kilowatts per car mile, is not at all a fair one. 
In order to compare elevator machines on a rating of kilowatts 
per car mile, it is necessary to take into consideration the speed 
and the load and other conditions. It is easily possible for an 
elevator machine, delivering precisely the same amount of power 
and absorbing the same amount of power, to vary as much as 100 
or 200 per cent. in the kilowatts per car mile. This is a question 
entirely of speed and load. If we have a machine which will 
earry 5,000 pounds at 150 feet per minute, it will absorb a certain 
amount of power, and if we double the diameter of the drum, we 
ean carry, with the same amount of power identically, a load of 
2,500 pounds at 300 feet a minute. These are both operative 
conditions. In the second place we will have the same amount 
of kilowatts consumed and delivered, but we have double the 
amount of mileage travelled, so that the kilowatts per car mile 
would be just one-half of the other. 

This plant presents some rather interesting possibilities of the 
flexibility as well as the economy of the electric elevator. There 
are two machines, No. 3 and No. 4, which are through-service 
freight machines, carrying loads down only from the top floor to 
the bottom. By careful counterbalancing, and in combination 
with an efficient gear, which is a very important item in elevator 
construction of this type, the actual current consumed under 
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regular service by No. 3 machine was, up, five amperes. Coming 
down, with the average load under service, it generated into the 
line a current of fifteen amperes, which makes a net gain in the 
use of the elevator of ten amperes. In other words, it not only 
costs nothing to operate these two elevators, but they are actually 
delivering to the line a current of ten amperes each, or two kilo- 
watts of energy, which is used in other portions of the plant. 
They are converting into useful and used energy the potential 
energy of the freight which is stored on the top floor, and is rep- 
resented in the current consumption of the other elevators of the 
plant. A single test, of course, of these machines would repre- 
sent more than 100 per cent. efficiency. 

Mr. Jesse M. Smith—How did the freight get to the top 
floor? 

Mr. Hill.—By the other elevators. We have here a test of the 
other elevators, in which is given the current consumption and 
the efficiency for a single machine, but that does not represent 
the efficiency of the plant, because a portion of the energy is 
given back by the other elevator to the plant, to the power 
system. 

Mention has been made of the size of generators as having 
been decided or affected by the elevator plant. The figures given 
show that they should have had very little to do with it, and I 
think that this can be accounted for more in the author's state- 
ment that he was providing for a very mucli less efficient elevator 
plant than he received, and for an increase in his power require- 
ments; as it is shown, the average horse-power consumed by the 
elevator plant is less than 20, and as the tests show it is possible 
for each individual machine to start in five seconds with 50 per 
cent. over its running current; that is, each individual machine, 
based on the performance of the total power required, would be 
less than 30 horse-power, or 22.4 kilowatts, which is provided for 
by the 75-kilowatt machine; and taken altogether, taking the 
plant as a whole, the excess current would be very much less than 
50 per cent. even—probably 40. As a matter of fact they are not 
starting at five seconds’ start, as that is found to be too slow, but 
they are started in from two and a half to three seconds, thus in- 
creasing the excess current ; but it is even then not more than 80 
per cent. on each individual machine, and probably in the neigh- 
borhood of 50 for the total plant. So that the total starting and 
maximum current requirements bring the power required to about 
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22.4 kilowatts instead of 75. The determination of the genera- 
tion therefore did not depend on the elevator plant. 

The cost of repairs on electric elevators is a problem which is 
usually considered a great drawback. The records which we 
have—I speak particularly of the high class electric elevator 
work—are, of course, from plants installed some time ago, and as 
it is understood that the electric elevator is not yet very old, it is 
natural that portions of the apparatus have not been as well de- 
signed to stand the wear and tear on these plants upon which the 
data are now coming in, as they are now. I do not think this is at 
all a large item, nor will be a larger item than any of the other 
services. I do not acknowledge that it has been excessive. But 
at the same time it has been much larger than it will be when 
the various small parts of the elevator mechanism, which are 
liable to give way under hard service, are properly designed to 
meet their duty. It is purely a matter of new machine, being 
perfected by experience. 

Another consideration in this plant, and one which must always 
be given prominence, is the flexibility of the system—the possi- 
bilities of it. It is possible, with an electric elevator, to have 
more convenience in arrangement than in a hydraulic or any 
other type. For instance, with this plant we have two elevators, 
controlled by push-button systems, which contain a single push- 
button at each floor, and have all the automatics of what we call 
our “automatic system,” which is used for house service. The 
others are operated by the double automatic system, which con- 
tains the two push-buttons on each floor, and by which the 
elevator can be sent to, or brought from, any other floor. The 
dumb waiter in the building is operated by a box on each of the 
floors, by which it can be sent to any other floor; sent where 
desired, stopped where desired, and can be “locked out” at a 
floor. In addition, each machine contains all the other safeties 
of the normal electric elevator. 

Mr. George Hill.—I would like just a moment to comment on a 
few of the remarks made by the previous speaker. 

1. The question arises, if the elevators are so exceptionally 
economical, and if the engines are so exceptionally economical, 
whence comes the enormous coal consumption ? 

2. If the Sprague Company gave Mr. Bryan so much more 
than he offered to buy, would not the cost have been lower if 
they had furnished the capacity asked for? 
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3. Must not of necessity the elevating apparatus be inefficient, 
since, if a machine will lift 5,000 pounds, at 150 feet per minute, 
and its average duty is 1,800 pounds, that machine is certainly 
not working as economically as one that is designed to lift 1,800 
pounds, at 150 feet per minute? If it is counterbalanced for 1,800 
pounds, and is loaded for 5,000 pounds, it will not work efficiently. 
If it is designed for 5,000 pounds, and is counterbalanced for 
1,800 pounds, it will not work efficiently. So that the elevator 
plant in operation, from the owner’s point of view, is not a good 
one, not because it is electric, but because it is an electric eleva- 
tor plant that is installed improperly for the duty that it is 
designed to perform. The difficulty with this particular form of 
elevator lies in the enormous starting current, which will not 
show in test running, but in continued starting and stopping ; that 
is, in commercial operation. I have tested, I think, every make 
of electric elevator on the market, and have been watching their 
operation for the last eight years. I considered, in 1894, that the 
question of using an electric elevator in a manufacturing building 
was not open to discussion, and nearly three years of operation 
at the American Book Company proves it, for there the electric 
elevators were installed under the most strenuous opposition, and 
the result is, that on our Bristol recording gauge card for power, 
recording the kilowatt hours, it is practically impossible to sep- 
arate the current required for the elevators from the current 
required for the operation of the motors throughout the building. 
On the ammeter you can see where an elevator is thrown on, gen- 
erally—not always, but generally—because there we have a 110- 
volt plant, and, consequently, the amperes for these high capacity 
machines are large, but the actual cost of operating these eleva- 
tors is practically negligible, compared with the cost of operating 
manufacturing machinery and the lights. The elevator load just 
fills in the gaps. 

In regard to maintenance, there is only one make that I know 
of that has to apologize for a large repair account. 

Mr. Bolton.—Might I add one word on the subject of the chim- 
ney, page 260? It has rather an unusual feature, I think. Inside 
a square brick shaft a riveted steel chimney was built, and then 
lined its whole length with firebrick. It seems to me that is 
wholly unusual and unnecessary. If it had been lined a short 
distance it would have been equally efficacious, and much easier 
to repair, too. 
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Mr. Kent.—Mv. Bryan not being here, I hope he will anssver, in 
his written reply to the discussion, that question as to why there is 
such a large coal consumption. A possible explanation of it is that 
he is using St. Louis coal. That is a very different thing from the 
anthracite and the semi-bituminous coal used in the East. It is 
an especially poor coal for variable loads. If you put a lot of 
that coal in a furnace, nearly half of it will volatize, whether any 
air is supplied to it or not, or whether you want any work,from 
the boiler or not. When anthracite coal is used, you can shut 
the draught off and save the coal, but the highly volatile Western 
coals, when the draught is shut off, continue to distil gaseous fuel, 
which eseapes up the chimney unburned. 

Mr. George I. Hill—Another advantage of electrie elevators 
is the fact that they are efficient at light loads just the same 
as at heavy loads, so that the point that the large machine is not 
efficient at high loads, does not affect this. 

Mr. Wm. Wallace Christic.—One feature of a water-tube boiler, 
for use in a modern commercial building or any other, where it 
is located inside of and underneath the floors filled at times with 
a crowd of people, is that the results from possible explosion are, 
as a rule, not nearly as disastrous as in the old horizontal, tubular, 
or some other types. 

Mr. Bryan.*—The author is gratified that this paper seems to 
have been of such timely interest, and that it brought out so much 
valuable discussion. He does not claim that the plant described 
is the best in all respects, but in his opinion it is the best that 
could be secured for the local conditions, considering all the 
circumstances. 

It will be unnecessary to answer those who thought the paper 
too elaborate in some details, nor those, on the other hand, who 
thought it incomplete. Neither need much time be given to those 
who have not studied the paper carefully—as, for instance, Mr. 
Bolton, who finds imaginary errors in the table on page 294, and 
Mr. George Hill, who overlooks the fact that the water rate per 
horse-power hour for steam elevators is stated at 100 pounds on 
page 255, as well as Messrs. Bolton and Christie, who think that 
due weight was not given to the increased safety of the water- 
tube boiler. 

It is interesting to note Mr. Mansfield’s remarkable result of 
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20.4 pounds of water per indicated lorse-power hour for a LS) 
horse-power compound non-condensing engine. This is a higher 
result, however, than can ordinarily be secured, even under fa- 
vorable conditions, and is better than engine builders will guar- 
antee. The engines described in the paper would have done 
better had they been experimented upon further to secure the 
best conditions of adjustment and service, but would not have 
reached Mr. Mansfield’s figure. 

Answering Mr. Nagle—the provision that the engine should 
regulate with steam pressures fluctuating between 100 and 125 
pounds, was intended simply to insure good engine performance 
under extreme conditions. As a matter of fact, there is no diffi- 
culty in maintaining the steam pressure within five pounds. An 
unfortunate experience with damper regulators some years ago 
gave me a rather unfavorable opinion of them, which no doubt 
the later and better makes would remove. Very few are in use 
in this part of the country, as their value does not seem to have 
been fully demonstrated. The objection to their use on down- 
draught furnaces, due to smoking when closed tightly, is well stated 
by Mr. Nagle, as is also the remedy, viz.: making the dampers fit 
loosely, so that even when closed, sufficient gas may escape to 
prevent smoking, closing the fire doors only on rare occasions, 
when it may be desired to stop the flow of gases absolutely. I 
have found no difficulty, however, in carrying uniform steam 
pressure by proper adjustment of the fire doors alone. 

I cannot agree with Mr. Bolton that the heating system is of 
primary importance in New York, or in any other city. It is of 
equal importance with the elevator and lighting systems, but no 
more. An unsatisfactory lighting or elevator plant would be 
quite as fatal to the commercial success of a building as an in- 
sufficient heating system. The best results can only be secured 
by giving each of these features due study. 

Neither can I agree with Mr. Bolton that in buildings of the 
type under consideration more steam will be required for heating 
than for lighting and elevator service, and that the boiler capacity 
is therefore determined by the requirements for heating. That 
this is not the case is amply shown in the paper. The boiler re- 
quirements for the most economical plant for elevators and light- 
ing are shown to be 303 horse-power (page 256), and for heating 
under the severest conditions, 249 horse~power (page 279). These 
computations have been amply borne out by this winter’s 
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experience. It is further borne out by records in my possession 
a large number of similar buildings in St. Louis, and should be 
still truer in New York, where the amount of heating is less—and 
particularly in buildings whose lighting and elevator plants are 
less economical than those referred to in the paper. In a differ- 
ent type of building, of course, with limited elevator service and 
less need of artificial lighting, or one whose exposure was par- 
ticularly severe, the situation would be changed. 

I know nothing of the computations by which the Paul people 
arrived at the amount of heating surface, but I do know that 
their guarantee covered the same external and indoor tempera- 
tures, exposures, and air changes as my original design. The 
system as installed has handled the building satisfactorily this 
winter, so much so that the owners have not thought it neces- 
sary to go to the expense of an exhaustive test. The ratio of 
heating surface to cubic feet of space—1 to 128—is large, but it 
seems to have been substantiated in practice. The represent- 
atives of the Webster system guaranteed to do the work with even 
less surface. There is no doubt in my mind that either system 
will quicken and increase the circulation. The building under 
discussion is well located as to exposure, and to judge the radiat- 
ing surface by mere ratio to cubic feet, without taking modifying 
circumstances into due consideration, is quite as likely to be mis- 
leading in over as in underestimating. I am quite sure that the 
ratio of 1 to 128 would be permitted even in New York City, if 
careful and intelligent computations showed that amount to be 
sufficient. 

In view of the fact that the Paul and Webster people very 
properly refuse to divulge the details of their plans and formule, 
it is not clear how any consulting engineer can design or assume 
responsibility for their work. It is certainly proper where a special 
device or system is employed, under guarantee, that the contractor 
for that system should be left free as to details. This is quite a 
different proposition from that of designing an ordinary heating 
plant, where my invariable practice is to work up every detail 
and assume allresponsibility. I know of no better plan for secur- 
ing bids on work of this kind than that which was pursued in this 
case, and which has been my practice forsome time. I first design 
a system which will do the desired work with the minimum back 
pressure. Bidders are asked to submit proposals on this system, 
and also on the Paul and Webster systems, with permission to 
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reduce the radiating surface and make such other changes as they 
think safe for doing the same work. By permitting them to do 
this, they are able to utilize the benefits of their system, and at 
the same time reduce the cost. A large part of Mr. Bolton’s 
argument falls to the ground when it is remembered that the 
proper external temperature was minus 10 degrees. It is unwise 
to invest money in a plant large enough to do the work at any 
lower temperature. On those occasions, which are rare and of 
short duration, we could either carry a slightly increased pressure 
or permit a lower indoor temperature. 

Mr. Bolton is particularly fortunate in his clients, who seem 
willing to put in an unlimited investment in machinery. We are 
not so well situated in the wild and untutored West. 

Neither have we been able to secure uniform proposals on water- 
tube boilers. In every letting we have found wide extremes of 
prices, in spite of the fact that the specifications were very definite. 
We always state the draught, character of coal, and dimensions 
and location of chimney, but do not limit either the grate or 
heating surface or rate of burning, but leave these to the boiler 
builder who is responsible for results. 

It is to be hoped that Mr. Bolton will give the Society the bene- 
fit of his elevator researches at an early date. The competition 
on hydraulic elevators in the building under discussion was lim- 
ited to the high-pressure type, on account of their great efficiency, 
due principally to fewer sheaves and less quantity of water to be 
handled. The high-pressure system is in very satisfactory use in 
a number of buildings in this city, besides the Cupples. The low- 
pressure hydraulic system has some advantages, but is quite waste- 
ful in the use offuel. The use of an accumulator of proper dimen- 
sions makes the work fairly uniform. All the results in table on 
page 291 were carefully secured by test, and are to be relied upon 
within the limits stated. 

Mr. Bolton misunderstands the statements as to guaranteed and 
computed efficiencies. The actual water rate per indicated horse- 
power hour was 26.79 instead of 25, as guaranteed, and the boiler 
evaporation was slightly under the 7.64 guaranteed. Both the 
guaranteed figures are well within the limits of good practice, 
however, and no doubt could have been secured in the present 
plant with proper adjustment. Furthermore, the elevator plant 
was in no way responsible for the fact that the boiler and engine 
performance happened to fall short. A slight increase should have 
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been allowed for the condensation in the piping system between 
boilers and engines, but this was very small. <A liberal allowance, 
however, for all these features would still leave plant C the most 
efficient. The three tests are strictly comparable, as they were 
made independently and under special test conditions. Careful 
records, covering the month of December, 1898, show the actual 
consumption in plant C of inferior coal per horse-power hour to 
have been very close to 3} pounds. On this basis the pounds coal 
consumed per car mile are actually 18.45 instead of 17.33, a dif- 
ference of about 6 per cent., a remarkably close agreement with 
the computed results. It is of course true that if the engines had 
been driving the elevators alone, their actual economy would have 
been less, but in the present instance they have alarge and almost 
constant load of electric lights, as is shown in the accompanying 
chart, Fig. 112. The fluctuations are therefore a smaller percent- 
age of the total, and the load is fairly uniform in spite of the ex- 
treme fluctuations due to the elevators. An important advantage 
of the electric system is that by combining it with the lighting, 
the fluctuations which are so detrimental to economy can be 
largely reduced. 

The hydraulic system of the Bowling Green building no doubt 
remedies the losses due to carrying the excessive pressures 
which are only required for occasional heavy loads, but as a 
double system of pumping is necessary, it would seem that the 
reduced pump efficiency would go far towards offsetting that 
gain. 

Our reasons for selecting 75 kilowatts units instead of smaller 
ones—which Mr. Bolton does not approve—are stated on page 266, 
and have been abundantly substantiated in the working of the 
plant. While the lighting load could have been carried with two 
smaller generators, no provision would have been made for growth, 
and an accident to one unit would have seriously crippled the 
plant. The size of units was selected independently of the ele- 
vator problem, a third unit of the same size being added on 
account of the elevators. This unit, as has been shown, is really 
larger than is needed, and is certainly all that should be included 
in the cost of the elevator plant. 

Our experience with electric elevators does not coincide with 
Mr. Bolton’s. We have not found them luxuries, which “come 
high and must be paid for.” We have found them quite able to 
take care of themselves on a strictly business basis. This must 
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not be construed to mean that we always prefer the electric eleva- 
tor. There are other conditions of service where the hydraulic, or 
even the steam elevator, may be preferable. It is true that the 
electric elevator has its reputation still to make as to reliability 
and low cost of repairs, but tlhe latest and best types are meeting 
all reasonable expectations in these respects, and it may be 
assumed that further improvements will be made as experience 
shows them necessary. 

If Mr. Bolton will examine the amount and hours of electrical 
load in the building under discussion (Fig. 111) he will, perhaps, 
agree that the selection of compound engines was not unwise. I 
am surprised that he should assume that the simple engine will 
give better results with variable loads, as the fact that the relative 
economy between simple and compound engines is approximately 
the same with fluctuating as with steady loads, has now been well 
established. Ihave not found that compound engines are less 
reliable, nor that they increase the labor. 

We will all agree with Mr. George Hill's statement that all the 
engineering work of a building ought to be done by one engineer. 
But is such a thing possible? If Mr. Hill—who is not only an 
engineer, but an architect—is also an expert in plumbing, sanitary 
and structural work, and the mechanical and electrical systems, 
which cover the boilers, furnaces, engines, heating, ventilating, 
lighting, elevator and hydraulic plants, and is able to keep abreast 
with the best practice in all these widely different lines, he may 
well be termed one of the most remarkable men of the century. 
My own observation and experience lead to the belief that when 
a single person attempts to cover so broad a field, the covering is 
likely to be a little “thin, in spots.” The consensus of opinion of 
the present day is unquestionably that the best results are attain- 
able only by specialists in these several lines. 

It is proper to say that [ am indebted to my business associate, 
Mr. H. H. Humphrey, member American Institute of Electrical 
Engineers, for assistance and data regar‘ing the electric plant of 
the building under discussion, this part of the work having been 
entirely in his hands. It seems to me that the only method by 
which the various engineering features of a single building can be 
made entirely harmonious is to have them handled by a firm 
whose members are specialists in the different lines, or who have 
specialists in their employ. 

Mr. Hill is also fortunate in that he is able to make up his mind 
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in advance as to just what he wants in any particular building, 
and thus avoid the necessity of asking for alternative bids. In 
our experience, improvements are being made so rapidly in certain 
branches—such as the elevator and electrical installations—that 
the progressive engineer must thoroughly investigate new methods, 
however much he may be inclined to be conservative. Our ex- 
perience shows, also, that competition is secured by getting bids 
on a number of different types, as well as different bids on the 
same type. It is not clear how Mr. Hill would get close or com- 
petitive figures by drawing his specifications so as to fit only one 
system. Furthermore, the cost itself is always an important 
element in making a selection, and this cannot always be deter- 
mined in advance, even approximately. While the client’s best 
interests could be served by confining the bidding to a single 
specification on some parts of the work, it would be unwise to do 
so on others. 

As to excessive elevator requirements, these were stipulated by 
the tenants, and were objected to by the engineers at the time, 
but without success. 

Mr. Hill seems, also, to have been particularly fortunate in havy- 
ing designed such a large number and wide variety of buildings as 
to be able to determine boiler horse-power by mere comparison 
with a similar building previously designed. Our own experience 
has been that one building forms no precedent for another, except 
in the most general way. The only safe plan is to study each 
building independently and on its own merits. Buildings of ap- 
proximately the same cubic contents, and for the same general 
class of business, may differ widely in their requirements for steam. 

The indirectness of the piping system criticised by Mr. Hill is 
due to the necessity for avoiding interference with the smoke flue, 
the head-room being limited (see Fig. 106). The steam pipe was 
enlarged to allow for this increased length. The pipes were so 
large, and the engines so close to the boilers, that no receiver was 
deemed necessary. The large number of fittings which Mr. Hill 
criticises on the exhaust is due to the necessity of fitting the plant 
into the available space to best advantage. I have not found it 
satisfactory to connect exhaust heaters on closed branches. It 
will be noticed that the heater outlets serve, also, as connections to 
the heating system, and the double connection certainly improves 
the efficiency of the heaters as expansion tanks. 

If we are to understand that Mr. Hill invariably uses 220 volts 
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pressure instead of 110, he is not in harmony with the best prac- 
tice of the day. This depends upon many features, and 110 volts 
will probably continue to have the preference for ordinary isolated 
work, particularly as the latest forms of motors require greatly 
reduced starting currents. 

Mr. Hill thinks 2-100 kilowatts and 1-50 kilowatts unit would 
have been better than 3-75 kilowatts, one of the 100’s to have a 
non-compound engine. We do not agree with him. Theoretically 
the three units should be different in capacity, so that a large 
number of combinations may be made in order to suit the different 
loads, the efficiency being better at or near rating. In practice, 
however, this does not work out, as the operatives wiil not change 
engines over for small variations of load. Furthermore, the ef- 
ficiency curve is reasonably level between 75 per cent. and 120 per 
cent. of rating, and only drops seriously outside of these limits. 
On the other hand, the advantages of units that are identical are 
many. They not only cost less, but they usually fit the space 
available better, and only one set of repair parts, packing, ete., 
need be carried. They are absolutely interchangeable, and an 
accident to one of them impairs the service no more than another. 
The only case where a small unit is justified is where it is known 
that there will be a light load for long hours. The accompanying 
statements of actual load show that the selection was amply jus- 
tified in the present instance. 

As to the switchboard, the specifications mapped out the design 
in a general way, but did not go into minute detail, the contractor 
being required to submit his detailed design for approval. When 
he did this, all the details were carefully checked, and such 
changes made as were found necessary. It is desirable to use 
standard apparatus, as far as possible, in order to keep the cost 
down. A special and original design of switehboard—and_par- 
ticularly a new design of switches, would certainly have made 
the cost excessive. We have had no difficulty in finding switches 
of satisfactory design on the market. The points which Mr. Hill 
mentions are all good ones, provided they are not carried to the 
point of unreasonable cost. It must not be understood that the 
bus bars were allowed to heat to the 45-degree limit, which was 
intended to cover joints and switch clips. 

As to the months of heating in St. Louis, the coldest months 
are, of course, November, December, January, and February. 
There is quite a falling off in March, and a still greater one in 
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April and October. These three months together do not usually 
require as much heating as one of the others. It is true that 
some heating is done during seven months of the year, but that 
means four months of full heating and three months of very 
light service. 

There is, of course, no objection to making the crank pin 
greater in diameter than the shaft, but it should not be less. 

We cannot agree with Mr. Hill that two pages might have been 
omitted in Section E by simply ealling for compliance with the 
underwriters’ rules. A careful checking of those pages shows 
but three sentences which might have been omitted, all the rest 
being special. At that time the St. Louis Underwriters’ rules did 
not fully cover 220-volt work. For instance, we specified the 
thicknesses of rubber for different sizes of wires, which is a point 
the underwriters have taken up since; also an insulation resist- 
ance test based on length of wire in cireuit, instead of number of 


lamps connected, which we believe is better practice. We limited 


the number of lamps per circuit more than would have been per- 
missible under the underwriters’ rules. These rules no not spec- 
ify size or drop. We always require underwriters’ inspection, 
and their rules are good as far they go, but they do not cover all 
desirable features. 

Each floor and each room of the building must be computed 
independently for the heat loss. The wall factor, however, was 
not changed for each floor, as the thickness varied but little, and 
an average value was assumed; the natural tendency of heat to 
find its way tothe upper floors, as well as the increased amount of 
radiation on the top floor, being considered sufficient. 

The objections to electric pumps are their greatly increased 
first cost, greater complication and liability to derangement. 
They could not be used satisfactorily for boiler feeding on 
account of their low motor efficiency at slow speeds. These 
facts, in our opinion, overbalance their better steam efficiency. 
An electric house pump would, of course, have given satisfaction, 
but we did not feel justified in recommending it on account of its 
increased cost, and having two different kinds of pumps in the 
plant. 

The most important criticism which Mr. Hill makes, however, 
is that there seems to be a discrepancy between promise and per- 
formance, and that while the test duties are high, the actual 
results are poor. He mentions a number of buildings in which 


328 MECHANICAL PLANT OF A MODERN COMMERCIAL BUILDING. 


the consumption of fuel is lower, although they have less efficient 
apparatus, all of which he submits as an argument against the 
use of improved apparatus. A moment’s consideration, however, 
will show the impropriety of thus comparing buildings which are 
used for widely different purposes. In order to make a more 
equitable comparison, we have looked up the coal consumption of 
a number of large modern buildings in this city, which are of 
such a character as to be fairly comparable with the Commerce 
Realty Company’s plant. All of them have hydraulic elevators 
and non-compound electric light engines. The number of tons of 
2,000 pounds of soft Illinois coal consumed in these buildings per 
annum for all purposes for each 1,000 cubic feet of space above 
ground level, is as follows: 4.40, 2.96, 1.91, 1.88, 1.73, and .92, the 
last being the Commerce Realty Company’s building. The latter 
is, therefore, using only a trifle over half as much coal as the best 
of the other buildings, and about one-fifth as much as the worst. 
This proves that the coal consumption is not, as Mr. Hill 
assumes, large, but, on the contrary, is very small indeed. For 
instance, during the month of December, 1898, the average load 
on the engines was 237.5 horse-power, of which a little less than 
10 per cent. was for elevators and the balance for lighting. This 
large lighting load is due to the building being a very dark one. 
For the same month the coal consumption was a trifle under 
1,000 pounds per hour, which includes coal used for banking 
fires and raising steam in the morning, as well as radiation and 
all other losses, and the heating of the building when the engines 
were not running. This consumption of four pounds of inferior 
coal per indicated horse-power hour is certainly a good result, 
being equivalent to about three pounds of the anthracite screenings 
which Mr. Hill mentions. It is also equivalent to about three and 
a half pounds of our coal per indicated horse-power hour while 
the engines were in operation. In our opinion simple engines 
would have required about 50 per cent. more fuel for the same work. 
During the week of December 19th to 25th a careful log was 
kept of the electrical load, and it was found to range between 400 
and 800 amperes, averaging 615. There are now so much data 
available as to the economy of compound engines and electric eleva- 
tors that these points should be no longer left open to discussion. 
Mr. George II. Hill contributes some interesting data on eleva- 
tors. The use of the corner guide posts, wooden rails, and in- 
creased number of idlers were matters beyond our control. Our 
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own preference was to locate the elevator mechanism at the top 
of the shafts, which we have often done with satisfactory results, 
but this was opposed by the contractors. The machinery would 
have been somewhat less accessible, but would have occupied 
less valuable space, and would doubtless have been more efficient. 
Mr. Hill’s figures are slightly in error. In computing the effi- 
ciency he takes the amperes at 70 (see Fig. 111), which was the 
current required just before the car reached the upper limit 
of travel, when the cables had all gone over the sheaves and 
were assisting the counterbalance. This explains the reduction 
in power in each of the different cases. A fairer reading would 
be midway of the travel, at which point the amperes consumed 
were 75. Computations made on this basis show the hoisting 
efficiency of the elevators to have been not 70, but 63.6 per cent., 
which result is nevertheless excellent. Similar computations with 
4,000 pounds load gives an efficiency of 534 per cent., which is 
about what would ordinarily be expected. With a load of 1,000 
pounds, the efficiency dropped to 45.6 per cent. Similar compu- 
tations show that the total horse-power to lift 5,000 pounds at 
155 feet per minute was approximately 22, of which about 7 was 
required to overcome friction, 23 to lift the useful load, and 8 was 
derived from the counterbalance. The above computations do 
not take into consideration the extra power required in starting. 
The efficiencies, however, are not materially above those antici- 
pated, as is shown by comparing the table on page 264 with that 
on page 288. 

Mr. Hill also makes an error in his definition of the unit of 
elevator efliciency. It is not kilowatts per car mile, but kilowatts 
hours per car mile, which takes into consideration the element of 
time. The efficiency thus stated is dependent upon speed, as Mr. 
Hill states, but not on load. Whatever the live load or the 
counterbalance may be, the power required to lift them is re- 
turned to the line on the return trip, less friction. Assuming, 
therefore, that the same total load is ultimately lowered as well as 
lifted, the power required is only that necessary to overcome 
friction, motor losses, and acceleration. Load, therefore, only 
comes in so far as it affects friction, motor efficiency, and starting 
current, so that, after all, the efficiency unit customarily used— 
kilowatts hours per car mile—if not exact, is by no means so 
greatly in error as Mr. Hill assumes. If, in using this unit, the 
loads, speeds and frequency of stops are started, so that their 
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effect on friction and acceleration may be taken into considera- 
tion, and the records are taken for round trips, it is, in our opinion, 
an equitable basis of comparing elevator efficiencies. We have 
sometimes required the efficiencies to be stated in kilowatts hours 
—or their equivalent—per ton mile of /ive load, but this is no 
better than the other, as the power consumption does not vary in 
direct proportion to the load. It is true, as Mr. Hill states, that 
the same kilowatts will be required to lift either 5,000 pounds at 
150 feet, or 2,500 pounds at 300 feet, and in the latter case the 
kilowatts hours per car mile would be only half the former. This 
is due wholly to the increase of speed, however, and not at all to 
the load, as that equalizes itself on the down trip. Leaving start- 
ing current out of consideration, the power consumed for round 
trips is wholly expended in friction and motor losses. But it 
must not be overlooked that loads and speeds have important 
effects on friction, motor losses, and acceleration. 

Mr. Hill is, also, certainly unwarranted in his statement that 
the size of the electrical generating plant is influenced but little 
by the elevators. It is shown in the paper that the average elec- 
tric horse-power used by the elevators, over a long period of time, 
is about 20, which may be increased to 25 at the busiest seasons. 
The most serious feature, however, is the starting current, which, 
as shown in Fig. 110, is about 50 per cent. greater than the run- 
ning current, so that a single elevator requires over 30 horse- 
power when starting, and if a number of them start at once—as 
frequently happens— 100 horse-power, or more, may be thrown on 
the generators at one time. The latter must, therefore, not only 
have an increased capacity of 25 horse-power for average service, 
but must be able to take overloads of three or four times this 
amount. 

The accompanying chart, Fig. 111, shows the current consump- 
tion for an hour, on the afternoon of January 25, 1899, readings 
being taken at 15-second intervals. Fig. 112 shows the last 20 
minutes of the same hour, with readings taken at still shorter 
intervals. In Fig. 111 we have, also, plotted the average elec- 
trical load and the voltage, which, on the whole, tell an interest- 
ing story. These readings were taken on a bright day, and at a 
time when the elevator service was low, so that the results do not 
average as high as the work done in December. The chart points 
out the advantages of a large lighting load for steadying eleva- 
tor service. It also clearly shows the reason of the large coal 
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consumption, which was such a bugbear to Mr. George Hill, and 
is an argument which, we think, will be conclusive to most parties 
as to the efficiency of the apparatus, when it is remembered that 
the coal consumption, for all purposes, was less than 1,000 pounds 
of inferior coal per hour. 

A serious objection to the electrical elevator, heretofore, has 
been its excessive starting current. This is being reduced in the 
latest forms of motors, until to-day it is no longer the serious 
objection that it was. At the time the observations shown in 
Figs. 111 and 112 were taken, the elevators were adjusted for about 
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a three seconds’ start. With this increased to five seconds, the 
fluctuations of current would be much less severe. 

Mr. George Hill’s first inquiry has been fully answered. Answer- 
ing his second, will say, that if the Sprague Company gave more 
than a strict interpretation of the contract required, they prob- 
ably had good reasons for doing so. Elevators following the 
revised specifications would certainly have cost less. Answering 
his third inquiry, will say, that to get the best efficiency, the 
service required of each elevator must be studied to ascertain its 
average work, and then it should be counterbalanced accordingly. 
A machine of the “Z” type, with pilot-motor control, can be 
adjusted, for efficient results, with light loads at high speeds, and, 
at the same time, be able to carry increased loads at reduced 
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speeds, and with practically equal efficiency and with the same 
counterbalance. 

As to Mr. Bolton’s criticism of the chimney being lined with 
fire brick throughout, will say, this was done at the desire of the 
architects. This is the only case where we ever did it, but we 
thought it would be an opportunity to compare results. It has 
some advantages in increasing the life of the stack, and by re- 
ducing heat loss, would maintain the draught better, but we agree 
with Mr. Bolton that, as a general proposition, the expense is 
unwarranted. 
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THE CALORIFIC POWER OF WEATHERED COALS. 


BY R. s&s. HALE (ASSOCIATE MEMBER), BOSTON, AND HENRY J. WILLIAMS, BOSTON 


In 1896, samples of Maryland, Virginia, Pennsylvania, and 
Ohio coals were collected and arranged for testing as follows: 
For tests of fine coal the samples were ground in a coffee 
grinder, and thoroughly mixed and divided into two parts. For 
tests of lump coal the coals were broken into lumps of about 
nut size, and alternate lumps taken from the pile to form two 
samples. 

Having thus obtained two reliable samples of each coal, or 
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four samples, where tests of both fine and lump coal were to be 
made, one sample was tightly sealed in an ordinary pint fruit 
jar, while the corresponding sample was exposed on an un- 
covered baleony out of-doors for eleven months in an uncovered 
tin can provided with a diaphragm or bottom of fine wire gauze, 
as shown in the accompanying sketch (Fig. 115). 

Rain and snow fell upon the coal, but the wire diaphragm 
permitted the water to drain off, while a paper disk placed 
upon the wire gauze prevented the coal from sifting through the 
meshes. 

The lump samples were exposed in pans of much larger size, 
which were provided with holes to let the water drain off. 

This method of exposure closely reproduces the conditions to 
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which the surface of a pile of coal, left out-of-doors, would be 
exposed. The interior of such a pile, however, would suffer 
less than the samples. 

At the end of eleven months all the samples were analyzed 
by Mr. Henry J. Williams, together with a sample of Pocahontas 
coal that had been exposed in a coal yard for three years, and 
one of Cumberland coal that had been under cover for three 
years. These last coals, however, being different, are not com- 
parable with each other. 

The results of the above analyses are shown in the accom- 
panying table. 

Proximate analyses of the coals may be found on lines 1, 2, 
3, and 4. 

In these analyses the percentages of ash in some of the exposed 
samples are unfortunately too high, for a little gravel was ac- 
cidentally washed off the roof of the house, by the rain, into 
some of the cans. This, however, in no way affects the relative 
percentages of combustible matter free from ash. 

The percentages of sulphur are found on lines 5 and 6, while 
lines 7, 8, 9, 10, and 11 give the ultimate analyses, calculated to 
combustible. The British thermal units calculated from the 
analyses by the formula suggested by the boiler committee of 
the A. S. M. E., viz.: “146C + 620(H — ¢) + 408,” appear on 
line 12, while the British thermal units interpolated from 
Kent’s curve, which is based upon the per cent. of fixed carbon, 
as found by proximate analysis, may be found on line 13. 

Line 14 shows the per cent. of fixed carbon in the combusti- 
ble. Lines 15 to 21 record the changes in the various quanti- 
ties due to weathering, being plus for an increase, and minus 
for a decrease. 

Line 22 gives the free hydrogen, and line 24 its increase and 
decrease, due to weathering. 

Finally, on line 24 the calorific power of three samples of the 
above coals, both sealed and exposed, as determined in Mr. 
Williams’s bomb calorimeter, is shown. 

The average of the results obtained shows that weathering, 
under the conditions described, decreases the percentage of 
carbon, hydrogen, nitrogen ; increases the percentage of oxygen, 
and does not materially alter the percentage of sulphur. 

The conclusions to be drawn from an examination of the re- 
sults shown are: 
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lst. That weathering decreases by about two per cent. the 
theoretical calorific power, as calculated by Dulong’s formula. 

2d. That weathering decreases by about one-half of one per 
cent. the actual or true calorific power, as shown by the three 
results obtained with the bomb. 

3d. That if the results calculated from the above analyses 
are interpolated from Kent’s curve, which is based on the per 
cent. of fixed carbon, as determined by proximate analysis, the 
latter being a more or less variable quantity according to the 
age and degree of exposure of the coal, the remarkable result is 
obtained that the weathering of a sample of coal ‘nereases the 
percentage of fixed carbon in the combustible, and also increases 
by about one per cent. (1¢) the calorific power of the coal. 

It may be noted that the English form of Dulong’s formula, 
which neglects the term {, but uses slightly lower values for the 
heat of combustion of C and H, would cause the calorific power, 
as computed, to agree more closely with the results obtained 
with the bomb than the formula “146C + 620(H— 2) + 408.” 
This is especially noticeable when the weathered and un- 
weathered samples are compared. 

In a general way, the results show a slight diminution of 
calorific power in the grades of coal examined, directly traceable 
to weathering. They also show that where coals have not been 
exposed to oxidation, by weathering or otherwise, there is a 
reasonably close agreement between the results calculated 
by Dulong’s formula and those obtained with the bomb calo- 
rimeter. 

Last of all, they show that when it is desired to compare the 
respective calorific powers of coals that have been altered to 
a greater or less extent by oxidation with those of coals that 
have not been exposed to the weather, the use of Dulong’s 
formula, or any of its modified forms at present in use, as well 
as the use of Kent's curve, would lead to erroneous conclusions. 


DISCUSSION. 


Mr. F. W. Dean.—I happen to have analyses of samples taken 
from one load of picked Pocahontas coa]—one taken on April 
22, 1895, when the coal had been constantly under cover from 
the time it was mined; and the other taken on September 25, 
1896, the coal having been out-of-doors during the interval 
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between, or seventeen months. This coal was picked at the 
mine and shipped in box cars. The analyses of the samples are 


as follows: 


April 22, 1895. September 25, 1896. 

Computed calorific value ....... 15,860 Computed calorific vaiue... 15,026 


It would probably be assuming too much to say that the coal 
had lost the heat value indieated by the analyses, or 3! per 
» 
cent., for we cannot positively say that each sample represented 
the coal, for neither was a sample of the whole lot, but of the 
a 
parts that were used on two boiler tests. Therefore, these 


results can merely pass for what anybody happens to think they 


are worth. 
Mr. William Kent.—The results obtained by the authors of 
the paper are important and valuable, in showing that the loss 


in the heating value of bituminous and semi-bituminous coal is 


not as great as it is generally supposed to be, and in giving us 
increased confidence in the Dulong formula for calculating heat- 


ing value from the ultimate analysis—provided the analysis is 
correct. In order to study the results given in the complete 
table of figures, I have made the following short table, which 
may be of interest : 


HEATING VALUE PER W. Comp., 
Fixep ©. 1n Compusti B.T.U. 
BLE. 


COALS. 


By Analysis. By Calculation. 


George’s Creek, L.M.... ...... inc, 2.4 per cent. dec, 427 90 
| inc. 3.4 dee. 611 160 

MeDonald, Pa., dec, 0.8 inc. 63 

inc. 2:9 dee, 220 40 
dec. 0.2 ‘“ dee. 95 

.. ine, 0.95 percent. dec. 241 97 


The average decrease in heating value by weathering, accord- 
ing to the analyses, is 241 B.T.U. per weight of combustible, 
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or about 1.6 per cent., and according to the calorimeter it is 
(for three samples only) about 0.67. 

The authors have compared their results with a curve which 
[ plotted from the results of Mahler’s calorimetric work and 
published in volume i. of Mineral Industry, 1890, and also in 
1897 in volume xxiv. of the Transactions of the American Inst/- 
tute of Mining Engineers, in connection with a discussion of the 
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work of Professors Lord and Haas on American coals. As this 
curve has frequently been referred to by recent writers, and as 
it has now fairly established its validity within the limits I have 
claimed for it, I will ask to have its most important part repro: 
duced with this discussion, with a slight modification which 
later studies have made advisable. 

A table derived from the curve is as follows : 


APPROXIMATE HEATING VALUE OF COALS. 


Per Centr. oF Fixep VALUE. | Per CENT. oF Fixep HeATING VALUE. 
CARBON IN COAl CARBON IN COAL 
Dry AND FREE ses . Dry AND FREE 
FROM Calories, Asu. Calories 
A mal Units. FROM aloric mal Units. 


8,300 8,400 15,120 
.. 8,600 15 


The figures in the original table published in 1890, which 


have been changed in the above table, are the following : 97, 
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8,200 calories; 94, 8,400; 60, 8,100; 57, 7,800; 54, 7,400; 51, 
7,000 ; 50, 6,800. 

The original claim made for this curve was as follows: 
‘Knowing the percentage of fixed carbon in the dry coal free 
from ash, we may, in the case of all coals containing over 58 per 
cent. of fixed carbon, predict their heating value within a limit 
of error of about 3 per cent.” 

In 1897 a study of Lord and Haas’s work led to the following 
statements : “ Excluding the coals that have below 58 per cent. 
of fixed carbon in the combustible, the variation of any one of 
Lord and Haas’s coals from the Mahler line does not exceed 
320 calories (576 British thermal units), or about 4 per cent. 
Taking the average figure for each class of coals [there were 
seven classes, 10 coals in all, viz.: Pocahontas, 5 ; Hocking Val- 
ley, O.,5; Thacker, W. Va.,4; Pittsburg, 7; Middle Kittanning, 
Pa., 7; Upper Freeport, Pa. and O., 11; and Mahoning, O., 1], 
it falls in all cases within the limits of 3 percent. . . . Tak- 
ing into consideration the fact that the reported percentage of 
fixed carbon is very apt to be 2 or 3 per cent. in error, I am dis- 
posed to hold to my original conclusion, at least until a larger 
series of tests may show that it should be modified. It is to be 
observed, however, that the Mahler line falls rapidly with per- 
centages below 62 per cent. of fixed carbon ; and it is therefore 
to be expected that below this point there will be a greater 
range of variation in heating value than above it. When the 
volatile matter exceeds 38 per cent. an increasing proportion of 
it is oxygen, and the relative proportion of oxygen in the highly 
volatile coal varies in the coals of different districts, as is shown 
by Lord and Haas’s analyses. Thus the Upper Freeport coal 
averages only 9.58 per cent. of 0 (in the coal dry and free from 
ash), while the Hocking Valley coal averages 16.10 per cent., 
although both coals have the same percentage of fixed carbon, 
viz., 58 per cent. Full credence, therefore, is to be given to the 
conclusions drawn from Lord and Haas’s tests, that, when the 
fixed carbon is less than 62 per cent. of the combustible, each 
class of coal has a law of its own, and coals of any one class 
may differ in heating power from the coals of another class con- 
taining the same percentage of fixed carbon, to an extent as 
great as 5 per cent., as in the case of the Upper Freeport and 
the Hocking Valley coals.” 

Messrs. Hale and Williams in.their third conclusion say : “ If 
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the results calculated from the above analyses be interpolated 
from Kent’s curve . .,. the remarkable result is obtained 
that the weathering of a sample of coal increases the percentage 
of fixed carbon in the combustible, and also increases about 1 
per cent. the calorific power of the coal.” 

It is not at all remarkable that the percentage of fixed carbon 
should increase by weathering, and this fac‘ is learned without 
the use of my curve, by simply referring to the analyses. As 
shown in the small table given on page 336, the average increase in 
fixed carbon is 0.95 per cent.,and an increase took place in five 
samples out of eight. There is no reason why an increase should 
not be expected, for it is at least as probable that weathering 
should cause an oxidation and disappearance of volatile matter 
as that it should cause an oxidation of fixed carbon. It is not 
impossible that it should cause an increase in the heating value 
per pound of combustible, for that would ensue if the weather- 
ing should cause the loss of that portion of the volatile matter 
which contains oxygen rather than hydrocarbon, or if it should 
cause the oxidation of fixed carbon, leaving in the coal the more 
valuable hydrocarbon. 

It is scarcely fair to the curve to condemn it for showing an 
average increase of heating value of 1 per cent., instead of the 
decrease of 0.6 per cent. shown by the calorimeter, when the 
curve was not derived from weathered coal, and especially when 
the best claim made for the curve is that it will give results 
within a limit of error of 3 per cent. 

On the accompanying diagram I have plotted the results 
obtained by Messrs. Hale and Williams, referring them to my 
eurve. A study of the diagram shows the following : 

1. All the analyses and calorimetric results on coals containing 
more than 59 per cent. of fixed carbon in the combustible, 
weathered or unweathered, are within the stated limit of error of 
the curve 3 per cent., with the single exception of the result cal- 
culated from the ultimate analysis of the weathered coal D. This 
ex-eption is evidently due to an error in the analysis. The proxi- 
mate analysis shows an increase in the fixed carbon by weather- 
ing of 3.68 per cent. (referred to combustible), while the ultimate 
analysis shows a decrease in the total carbon of 0.99 per cent. 
These figures appear incompatible. 

2. The coals containing less than 59 per cent. fixed carbon show, 
in most cases, a wide divergence from the curve, tending to confirm 
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the conclusion drawn from the work of Lord and Haas that among 
the highly volatile coals each class of coal has a law of its own. 
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centage of fixed carbon and in heating value that they appear to 
belong to entirely different classes of coal. It would be interest- 


ing to know whether these samples came from the same seam 
or from different seams. If from the same seam the figures 
would indieate that the conclusion of Professors Lord and Haas, 
that the coals mined from one seam over a considerable area of 
country have a nearly uniform heating value, has some extraor- 
dinary exceptions. 

It should be noted that the loss in heating value per pound 
of the combustible portion of the coal may not be a true 
measure of the actual loss in heating value of the whole of a 
given lot of coal, for besides the loss in heating value per pound 
there may be also a loss in weight, and this, if any, expressed as 
a percentage, should be added to the loss in heating value per 
pound. 
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EXPERIMENTS ON THE FLOW OF STEAM THROUGH 
PIPES. 


BY R. C. CARPENTER, ITHACA, N. Y., AND E. €. SICKLES, ANACONDA, MONT. 


THE experiments described in the following paper were made 
to determine the coefticient of friction of steam flowing at differ- 
ent velocities through pipes and fittings. 

The results obtained, however, seem to be of such a nature as 
to warrant their use in connection with well-known formule for 
the flow of compressible fluids, and a table is submitted which 
gives the probable amount of steam delivered through pipes 
of different lengths and diameter. 

One series of experiments was performed by measuring the 
condensation and flow through a line of piping “0 feet in length 
and 1,13, and 2 inches in diameter, which was erected in a 
tunnel leading from the Sibley College boiler rooms under the 
adjacent street. 

For this purpose a pipe line was, for each test, erected in 
a horizontal position, and the steam before entering the line, 
and after leaving, was passed through a steam separator. Very 
accurate and carefully calibrated steam gauges with dials 14 
inches in diameter, and subdivided so as to read fractions of 
a pound, were employed to determine the initial and final pres- 
sures, and the drop in pressure. The quality of the steam was 
tested by the use of a throttling calorimeter after leaving the 
first separator and before reaching the second. The first sep- 
arator was employed for the purpose of removing all free water 
from the pipe, and insuring dry steam or steam with so little 
moisture that the quality could be accurately determined. 
After several trials one was obtained, which gave very satis- 
factory results. 

On account of the large amount of steam required for the 
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experiment it was impracticable to furnish it in a superheated 
condition. 

The experiments were made with the pipe uncovered, and 
also with the pipe very carefully covered with thick coatings of 
hair felt and asbestos. 

A later series of experiments was made to determine the 
coeflicient of friction of the steam discharged from a boiler plant 
of 525 boiler horse-power through a 3-inch pipe 95 feet in 
length. Finally the results were checked by referring to experi- 
ments made some years previous by Messrs. Green & Stratford 
to determine the friction in a pipe 195 feet in length, which was 
used to convey steam from the boiler plant to the engineer- 
ing laboratory. 

A diagram of the arrangement of piping which was used in 
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the first series of experiments is shown in Fig. 116. The weight 
of steam flowing in a given time was calculated from the known 
pressure behind discharge orifices whose constants of flow were 
known. This latter quantity was of use principally in determin- 
ing the velocity of steam flowing through the pipes. 

The Problem Involved.—The problem involved in the experi- 
ment required the measurement of the loss of energy which 
took place in the pipe, and the elimination from this of all 
losses which were not due to friction. 

Where steam flows in a given pipe there are several fac- 
tors which tend to dissipate or change the form of energy pos- 
sessed by the steam. These may be classified as follows: (q) 
condensation, (b) friction, (¢) expansion with changes of external 
energy, (/) the effect of gravity. 

(a) The condensation may be divided into two parts, one the 
static condensation, that which occurs when there is no flow of 
steam ; the other the dynamic condensation which occurs when 
there isa flow of steam. The latter should be less than the 
former on account of fall of pressure and temperature at the 
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delivery part of the pipe, which tends to raise the quality of the 
steam, but the fallin pressure also involves a change in kinetic 


energy, and this, with other influences, seems to have made 
the amount of condensation very nearly the same for both 


Cases, 


(4) The frietion in the pipe would cause a loss of pressure 


and require work to be done. If the pipe were a non-conductor 
and the expansion adiabatic, then there would be no loss of en- 
ergy, but there would be a transformation of initial potential 


energy into external and kinetic. This change of energy be- 


tween two points could be equated to a form involving the co- 
efficient of friction, and its value thus derived. In practical 
work the adiabatic condition is seldom or never realized, for 


a pipe may be covered ever so well and still there is a loss of 


heat. 
(¢) The expansion would eause change in external latent en- 


ergy which is accounted for by the steam table under different 


absolute pressures. 

(7) The effect of gravity may be considered as ni/ in this series 
of experiments, as the pipe was horizontal. If the pipe were 
inclined any perceptible amount from the horizontal, the work 
could be computed, due to the delivery, and the height through 
which the steam raised or fell. We shall consider only the 


ease of a straight, horizontal pipe. 


Gi ral ky uations. 


If P be any pipe of uniform diameter, ‘/, and /; the energy of 
the steam entering a section, as A, in one second, and £; the 
energy leaving a section /, at the distance of 1 feet from A, then 


(1) 


where /, = dynamic condensation energy. 
i’, = friction energy. 
E. expansion energy. 
= gravitation energy. 


Now, since in steam tables the energy £, of the latent external 
energy is included in the total energy of steam at any pressure, 
it need not be considered for our present purpose; also £), is 


negligible because our pipe is horizontal. 


.... 
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Writing 2, and £’, for the new form of (1), we have : 


This is an indeterminate equation for certain values of /., and 
E;, but if 4. can be determined by direct measurement, or if the 
pipe can be so protected that the condensation loss is negligible, 
the equation becomes determinate. It is also possible to make 
the velocity of steam so much that the heat developed by fric- 
tion shall make the loss by condensation zero, in which case 
the equation is also determinate. Let the total loss of energy 
be denoted by /, then we have that 


from which 


Various expressions for the value of /;, the loss by friction, 
have been given by various writers, and an excellent discussion 
of the results obtained by use of different formule is given in 
Engineering, March 19, 1897, by Mr. Arthur J. Martin. 

It seemed desirable, after obtaining unsatisfactory results 
with other formule, to reduce all experimental results by the 
formula given by Unwin in article “ Hydro-Mechanies,” page 484 
(Encyclopedia Britannica), which is reduced from Weisbach. 
In accordance with this formula the frictional work is for the 
length of pipe Z. 


(5) 


In which # = coefticient of, friction, ’= velocity in feet per 
second, ¢ = diameter in feet, W = weight of fluid per second. 
This substituted for 4, in equation (4) gives 


a 


The value of /, was found by experiment to average 1,700 foot- 
pounds per second for the pipe, protected as well as possible 
by covering. 


: * 
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The value of fis dependent upon the velocity of the fluid in 
the pipe, and is given as follows by 


v 
O04: 
Weisbach, f=a + = 0036 + —. 
/ 
009 to .04 
v 


EKytelwein as f= a + = .0056 + 


Arson, = .005 to .009 + 


in which «@ and / are constants. 

The value of 7, the coefficient of friction, is also stated to 
vary with the diameter. Unwin found that for velocities of one 
hundred feet per second it could be expressed by the formula: 


in which A is a coefficient to be found by experiment, and d is 
the diameter of the pipe in feet. The values of a and 4 found in 
Arson’s experiments, indicates that the coefficient A would 
probably vary between one and three per cent. for velocities 
from between fifty and one hundred and fifty feet per second.* 
This being a small amount, it was considered sufficiently 
accurate to use the expression in formula (7) for reducing all 
the experimental results. 
Formula (6) may be reduced to the form 


ga 


.... @) 


from which the loss of head 


d 


Let p equal loss of pressure in pounds per square inch, and ) 
density of the fluid or weight per cubic foot, then will 


* See ‘‘ Hydro-Mechanics,” vol. xii., Encyclopedia Britannica. 


h D 
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substituting this value in (9) 


_LK 1 + 


dD ga gd 102) 


from this by transposition 


_DWVLK/, 3 | 
P= € oa) 


Let w’ equal flow in pounds of steam per minute, @’ equal 
diameter of the pipe in inches, then we shall have 


D ad lbx Da 


substituting in (10) we have 


For a two-inch pipe the value of p will reduce to the follow- 
ing : 
wh 


79 
1,447 Dp? 


from this by transposition 


1447.20" 


Description of Experiment.—In Fig. 116 is shown the general 
plan of the experimental pipe line, arranged for measuring the 
friction in both the pipe and fittings. The steam enters at -/, and 
passes through the separator S,; the initial quality and pressure 
of steam are obtained by the throttling calorimeter C, and the 
gauge G,. The pressure and quality are again measured at 
G, and_C, just before entering the separator S., at the end of 
the pipe line. The length of pipe from G, to G, was 90 feet. 
The pressure and quality of steam were observed at C; and (, just 
before entering the fittings. The final pressure is measured by 
G, after the steam has passed through the fittings and is enter- 
ing the orifice 0. It is thus seen that the pressure and quality 
of the steam at each important stage may be observed, and the 


2 
4 
é 
A 
a 
= 
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velocity and the weight of steam delivered at the orifice 0, 


computed. 


RESULTS OF THE TEST. 


The principal data and results of the tests are given in tabular 
form. ‘The log sheets are quite voluminous, and are not given. 
The following table gives the reduced data and results of ex- 
periments with covered pipe 2 inches in diameter, 0 feet in 
length, and with steam discharging through a }-inch nozzle : 


PRESSURES. 


“ee Weight Velocity Value of 
Jensity. in Feet pe 
Density per Second eet per Coetticient 
second, | 
Initial. Final. Drop Average eee 
No. Fy. (P, + Po) D h. 


106.77 101.9 82 23 6231 00276 
104.37, 99 3 | 5.01 101.8 23420 6073 119 00222 
109.1 |104.7 | 4.4 106 9 24525 120 00180 
(807 1.9 £6259 00205 


The following table gives the reduced data and results of ex- 
periments with covered pipe 2 inches in diameter, 90 feet in 


length, and with steam discharging through a J-inch nozzle : 


PRESSURES. 
Weight Velocity in Value 
a —es — — Density. per Feet per of Co 
dD. Second. Second. efficient. 
Ww Ri 


Initial. Final. Drop Average 
P. 


7. . 2242 156 . 00237 
Bee 108.87 100.95 7.92 104.91 . 2320 8278 162 00221 
108 87 101 6.5 105.25 . 2411 144 00246 
99.55 92 95 37 2194 164 00198 
98.75 | 91.45 73 95 10 . 2193 T3887 155 00202 
103.5 96.2 | 7.3 99.8 2300 .TR60 156 00241 


For the first series of experiments the highest value of J’ is 
00276; the lowest, .00180; the average, .00221. The lowest 
value is considerably less than the others, and may have been 


due to some error of observation ; neglecting this, the average 
value of A’ = .00234. 

The highest value of A’ in the second series of observations is 
00237 ; lowest, .00198; the average, .00224. The average, ne- 
glecting the highest and lowest values, is .00228. 

A series of tests was made with the pipe uncovered, allowing 


A 
| 
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the steam to discharge through 3, {, and 3-inch nozzles. The 
results of this test were irregular and not satisfactory, probably 
because of the fact that the condensation was irregular, and 
large errors were caused in correcting for it. The general 
results, as compared with the tests of the covered pipe, indi- 
cate smaller values, doubtless due to an over-correction for 
condensation. 

The following are the results obtained in the tests of the 
uncovered pipe: 


Discharge Nozzle. f-inch. $-inch. i-inch. 


Values of A. hk. 

April BO, 1807... 00197 00290 .00188 
Average neglecting values 

marked with *...... . 00208 


In these experiments the highest value of A’ was .00360; the 
lowest, .00093. The average, neglecting the extreme value, is 
00298. 

The experiments cited indicate the following value of K: 
First set, 00234; second set, .00228 ; third set, .00208 ; average, 
00225. 

During the fall of 1897 an exceptional opportunity was 
afforded by a boiler test at Oriskany, N. Y., of determining the 
coefficient of friction of steam. Three Sterling boilers of 175 
horse-power each discharged the total evaporation through a 
3-inch pipe 95 feet long, provided at its extremity with a nozzle 
2.32 inches in diameter during a boiler test extending over 12 
hours of time. The measurement of the water supplied the boiler 
during the test checks with the calculation of the steam dis- 
charged by the nozzle within less than 1 per cent. The value 
of AK, as found from this test, was .0026. The data of the test 
were as follows: The gauge pressure at initial end of the pipe, 
66 pounds ; at discharge orifice, 41 pounds ; drop in pressure, 
25 pounds; mean absolute pressure, 78.2; velocity, 960 feet. 
Steam entering pipe was throttled from 100 pounds and slightly 
superheated. 
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Flow of Steam in Ebows and Valves. 


Dimensions 90- Degree Elbows.—We will first call attention to 
a few measurements made on elbows, globe and gate valves. 
The following table for elbows shows that the makers have 


Fig. 118. Fie. 119. 


Carpenter 
made the mean radius 4 (Fig. 117) of the elbow, approximately 
equal to the threaded opening B. That is, the turn is made as 
short as possible, thus producing a most compact elbow. 


NINETY-DreGREE ELBows. 


Actual Dimensions. 


Nominal Size. 


24 23 

24 23 .50 

3} 34 -50 

4} 48 | .50 

43 5 
6 6 63 


| 54 


Dimensions Globe Valves.—The general form of the valve shell 
is shown in Fig. 119, and the dimensions of a few valves are 
given in the following tables. It was found that the maximum 
opening C'(see Fig. 11) in the clear for a bevelled seat valve 
is not so great as for a disk valve. The dotted line repre- 
sents the valve face when at its maximum opening. 


BEVELLED SEAT GLOBE VALVES. 


Approximate Dimensions. 


Nominal 
Size. 


117. 
- 
2 B 4 = B 
| 
1B 
| 
A B Cc D 
| 
1 
9 91 9 13 13 
25 24 25 14 1 
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It is a matter of interest to note that the opening / and the 
nominal size are the same in inches. 

A few dimensions for the disk-seat Jenkins valve are given in 
the next table, the shell of which is similar to that of Fig. 11%. 


JENKINS Disk-SEAT GLOBE VALVE. 


Approximate Dimensions 


Nominal 
Size. 


9 


~ ~ | 3 


Gate Valves.—It will be noted by the following table for gate 
valves that the opening A (see Fig. 118) is equal to the nominal 
size of the valve. These nominal sizes, it must be understood, 
refer to nominal sizes of pipes for which the fittings are adapted. 


GATE VALVES. KENNEDY TYPE. 


Approximate Dimensions. 
Nominal 
Size. 


B 


woe — 


Method of Testing Friction in Elbows and Valves.—The method 
of testing involved simply the measurement of drop of pressure. 
The two important stages for present consideration are, first, the 
flow of the steam from G, to (, (Fig. 116); and, second, the flow 
from G,to G, The first stage involves—for known conditions of 
flow—the drop of steam pressure in a pipe line of known length ; 
the second stage involves the drop in the elbows or valves 
placed in sequence. In Fig. 116 the elbows / l’ are shown in 
position ; the dark lines represent the short nipples used to con- 
nect the fittings. The nipples were so short that the drop of 
pressure in them was negligible. The velocity of the steam 
was varied from fifty to one hundred and twenty-five feet per 
second by different diameters of orifice V. As many as sixteen 
valves or elbows were placed in series, and the various drops in 


: 
a 
| 
! 
1} 1} 4 4 
| q 
’ 
1 1 i} 
13 13 1 2 
2 2 12 23 By 
23 2 24 33 
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pressure were measured for the different velocities ; then the 
number of valves or elbows was decreased, and the measure- 
ment of drop repeated. From the data so found the drop in one 
valve or elbow for different velocities was computed. ‘The 
globe valves were of the slightly bevelled type ; the gate valves 
were of the Kennedy pattern, and the elbows were contined to 


the ninety-degree type. 

Simultaneously with the readings for the valves and elbows, 
readings were taken for the pipe line, and thus comparison was 
made directly. The weight through the fittings is less than the 
weight through the line, by the amount taken out by the sepa- 


rator S,, and the average density was also less. 

The formule adopted for purposes of comparison are those 
given by Weisbach (1), as follows: 
For loss of head //, in feet for pipes, 


JP 


and for loss of //, in feet for elbows, 


24 


We will assume that (2) applies also to valves, and from the 
data we find : 


3 


f. (for 90° elbows) = 5.6. 
J, (for globe valves) = 8.2. 
J, (for gate valves) = .005. 


gate valve is practically 


This indicates that the drop through a 
negligible for most cases. 

Equating (1) and (2), an expression for the equivalent length 
of one elbow or one valve in feet of pipe of the same diameter 


is obtained. 
Te, Pd’ 
' 


where @' and J) are both in inches. 


, 45 
| 
3.6 
d i 
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By substitution of the proper values of A and /,, it is found 
that the length of pipe in inches equivalent to one elbow is 


/ 3.6 
= 620d’ — (1 - 


and to one globe valve 


L' = 706d’ — (1 + 


The values given in “Steam,” Babcock & Wilcox, page 89, by 
the late George H. Babcock, are as follows : for one globe valve 


iad — € + 


for one elbow L’ = 3 that of a globe valve, or 


3.0) 


ad 


/ 
i 
\ 


It will be seen that the experiments give values which are 
about seven times as great as those given in “ Steam.” 

An opportunity for checking the results of the test quoted on 
flow of steam in pipes was afforded by an experiment made by 
Green and Stratford for the purpose of obtaining drops in pres- 
sure through certain steam-pipe line with steam flowing at dif- 
ferent velocities, and is described in the thesis which they 
presented for graduation in 1895.* In this case there were 25 
feet of 8-inch pipe leading from boiler room to engine room 
thence 12 feet of 3-inch covered pipe leading from the engine- 
room to the mechanical laboratory of Sibley College ; thence 
112 feet of 2$-inch covered pipe leading to the new Sibley 
building; thence 115 feet of 2-inch bare pipe, at the end of 
which there was the orifice of discharge. ‘lhere were twelve 
90-degree elbows in the 23-inch pipe, and the same in the 2-inch 
pipe, for which allowance is made in accordance with the fric- 
tion found for the test described. This allowance amounts 
to 80 feet of 24-inch pipe, and 60 feet of 2-inch pipe. The 
following table gives the data from Green and Stratford’s experi- 
ments—the calculated drop of pressure in the 2-inch pipe and 


* See Library of Cornell University. 
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that value of the coefficient A’ required to give results agreeing 
with the experiment. 


The average value of the coefficient for these experiments is 
K = .00220. 


PRESSURES. 

Weight | Velocity | Drop in Density 

No.* Discharged | Feet per | 2-inch | Weight per 
Mechan. At | Dropin Per Second.| Second. | Pipe. |Cubic Foot. 
Labor. | Orifice. | Pressure. Ww. | Ve. | Lbs. | D. 


42.57 42.10 0.47 .1179 5: 36 .1018 
53.55 | 52.70 0.85 1475 | .65 | .1267 
82.20 | 81.00 1.20 .2268 | 5 94 . 1900 
91.86 | 89.90 1.96 .2517 | 1.82 . 2085 
103.64 101.20 2.44 .2833 | .88 
111. 109.10 | 2.00 54 2520 
121. 4.00 . 3295 5 3.07 . 2713 
1381.: 2 | 4.10 | . 2930 
87.75 | 41.88 .8000 33.50 

5 | 31.52 . 7514 5.21 
13 | 88.74 | 11.88 5050 13: .06 | Average.) . 


| 


OO DAIS 


* Numbered as in thesis of Green and Stratford. 


The values of the coefficient obtained in these experiments do 
not differ materially from those obtained by the experiments 
cited in vol. xii., ELneyclopedia Britannica, article ‘“ Hydro- 
Mechanics.” Professor Unwin gives formule for the coefficient 
of friction for flow of water through pipes, as follows: f = .005 
(1 + 3), and for a slightly incrusted pipe, f= .01 (1 + ;4). 
For the flow of a/7, by experiments at St. Gothard tunnel : 


= -0028 (1 + for air. 


By experiments by M. Arson on pipes which were probably 
rougher, 


SF = 0.005 ) for air. 


10d 
The experiments at Sibley College, which have been cited, 


indicate a value of the coefficient of friction for steam flowing in 
pipes, as follows : 


3 
J = .00223 ( 1 + 10. ) for steam. 


K. 

| 

00374 

00142 

00130 
00186 

00206 

00112 

00288 

00220 
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The experiments at Oriskany indicated the coefticient of fric. 
tion 


9026/1 + 


) for steam. 


/ 


3 
10d 


The tables were calculated for a coefficient of friction, 


J = (1 + 


) for steam. 


In the last five formule, 7, the diameter, is to be taken in feet. 

The complete expression for loss of head in pounds, », is 
obtained by substituting the value 0.0127 for A’ in equation (11), 
in which case 


8.6) w? L 
p = 0.000131 (i + 7) 


in which d’ = diameter in inches, L = length in feet, /) = density. 


Explanation of Tables. 


The first table given is based upon formula 11, and is arranged 
in the form suggested by Martin in his paper on “The Flow of 
Gases,” previously referred to. The table is computed by taking 
the value of A equal to .0027, which, although 15 per cent. 
higher than the average obtained in the experiments cited, 
seems to have been about the probable value in at least one 
case examined. For practical conditions it is rather better to 
have an allowance in the pipes, for an excess of friction, than to 
have the reverse condition true. The results in the table are 
calculated for pipes 1,000 feet long, and having a coefficient of 
friction as given above. 

The left-hand half of Table I. gives the discharge in pounds 
per minute for pipes of various diameters corresponding to 
drop of pressure as given on the right-hand side in the same 
horizontal line ; ¢.g., a 24-inch pipe discharges 14,000 pounds per 
minute, a 22-inch pipe under exactly similar conditions will dis- 
charge 11,188 pounds, and a 6 inch pipe 370 pounds for a drop 
in pressure as in same horizontal line on right-hand side, for 
instance, with a drop of 16.4 pounds at 101 pounds pressure ; 
so the discharges may be found for any other given diameter by 
following the same horizontal line. 
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In the right-hand body of the table are given the drops in 
pressure corresponding to the discharges in the same horizontal 
line. These drops of pressure are computed for a constant 
length of 1,000 feet, and for the densities and corresponding 
absolute pressures as given in first two lines above. 

In using the table the absolute pressures should be taken as 
the mean of the initial and final pressures in computing the car- 
rying capacity ; e.y., if the initial pressure of the steam entering 
the pipe is 108.2 pounds absolute, and the final pressure upon 
leaving the pipe is 91.8 pounds, the mean absolute pressure is 
100 pounds, and the total loss in pressure is 16.4 pounds. 

It may be determined from the table, for instance, that a 
6-inch pipe, 1,000 feet in length, with a drop of pressure of 16.4 
pounds, and average absolute pressure of 100 pounds, will de- 
liver 371 pounds per minute; and similarly a 7-inch pipe will 
deliver 560 pounds ; a 22-inch pipe 11,188 pounds, and a 24-inch 
pipe 14,000 pounds, and similarly for any other diameter in the 
same horizontal line. 

If the discharge for any diameter of pipe be taken from the 
left-hand side of the table, its corresponding drop for any mean 
absolute pressure may be found in the right-hand side of the 
table in the same horizontal line. From formula 11 for a given 
flow of steam and diameter of pipe the drop in pressure is pro- 
portional to the length, and if discharge values for other lengths 
of pipe are required they may be obtained by proportion. For 
example, to find the weight discharged per minute in a 6-inch 
pipe 200 feet in length, and having an absolute mean pressure 
in pipe of 125 pounds, and a drop in pressure of 2 pounds. For 
this case the tabular flow would correspond to a drop five times 
that given, or 10 pounds. Looking under steam pressure of 
125 pounds, for drop of 10 pounds, we find it is to be inter- 
polated between 9.74 and 11.40. The corresponding discharge in 
the same horizontal line under 6 inches is 318 + 10 = 328 pounds. 
Fora length of 120 feet, with gauge pressure 90 and mean absolute 
pressure 104, drop 1 pound, we should have drop to correspond 
with table, ',°,°° = 8.33 pounds. Looking under 104 pounds pres- 
sure for 8.33, we find it must be interpolated * between 8.05 and 
9.66. The discharge is 265 + ~S; - 27 = 265 + 4.7 = 270, nearly. 
 * This interpolation, though sufficiently accurate for practical purposes, is 


not exact, as the discharge varies with the square root of the drop in pressure. 
The discharge should be greater for this case. 
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In the table given in “Steam,” by Babcock & Wilcox, the 
discharge for this condition is given as 281 pounds per minute. 


Tables 11. and I11.—These tables, it is thought, will prove more 
convenient for use than Table L; they are based upon the same 


REDUCTION Factors For TAsieE 2 | | | 
FOR 

| VARIOUS LENGTHS & STEAM PRE SSURES | 

By E.C.Sickles 
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Factors for various Drops in Pressure.—See Curve 
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Average Steam Pressure in Pounds Absolute. 
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0.900 


0.860 
22 21:20 19 18 1716 15 14 13121110 9 8 7 
Carpenter Pounds—Drop in Pressure 


120. 


formula, and are deduced by making every factor constant 
except the diameter, length of pipe, and discharge. The left 
hand vertical column of the table contains the diameters ((/) of 
the pipes, and the top horizontal column the length ( /) in feet, 
while the body of the table gives values of (JV) the pounds dis- 
charged per minute. 
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Thus, for instance, a 10-inch pipe 50 feet long will deliver 
1,592 pounds of steam per minute with a drop of one pound in 
pressure, if there exists an average absolute pressure of 100 
pounds ; or, if all other conditions hold except the length of 
pipe, which varies, it may be seen that for 100 feet the dis- 
charge is 1,126 pounds, for 175 feet 851 pounds, and so for any 
number of feet given in the table. 

If any intermediate length of pipe is used other than those 
given in the tables, the discharges given by the tables may be 
corrected by consideration of the fact that the weight of dis- 
charge is inversely proportional to the square root of the 
length of the pipe. 

To meet the conditions where other average absolute pres- 
sures than 100 pounds exist, and higher drops than one pound 
are assumed, it 1s cnly necessary to use suitable factors which 
are calculated by means of the fundamental formula, and graph- 
ically represented by Curves 1 and 2. 

As an illustration of the use of the tables and curves, suppose 
it is desired to find what size pipe will be required to deliver 
1,000 pounds of steam per minute a distance of 1,000 feet, the 
initial pressure of the steam being 157.5 pounds, and the final 
152.5 pounds by gauge. Solution —It will be best to reduce all 
conditions to those of the tables and find the discharge, and 
from this the size of the required pipe. Looking at Curve 2, we 
find the factor of discharge for a 5-pound drop is about 2.23 
times that for a l-pound drop. Therefore, dividing the required 
discharge of 1,000 pounds by 2.23, we have about 450 pounds 
discharge for a 1-pound drop. 

Again, the average pressure is 155 + 15, or 170 pounds abso- 
lute, and from Curve 1 it may be found the factor of discharge is 
1.248 greater than for 100 pounds absolute. Therefore, dividing 
450 pounds by 1.284 we have 350 pounds on the basis of the con- 
ditions given by the tables ; and looking under 1,000 feet lengths 
for the discharge nearest to 350 pounds, we find a 10-inch pipe 
discharges 356 pounds per minute; therefore, it would be satis- 
factory. 


: 
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DISCUSSION, 


Mr. Wm. Kent.—The author gives on page 346 the well-known 
formula for drop of pressure : 


J being supposed to be the coefficient of friction. Whether that 
coefficient of friction is variable or constant is a question. 

On top of page 346 he gives Eytelwein’s, Weisbach’s, and 
Arson’s ideas, saying that the coefficient of friction depends 
on the velocity of the fluid ; then a little lower down that Unwin 
finds it varies with the diameter, and for one velocity only he 
finds that it equals 


K\1 


Ont)” 


So we may say the coefficient of friction, according to various 
authorities, varies according to laws upon which they do not 
agree. It may vary as some constant « and some other constant 
b divided by the velocity or by the square root of the velocity. 
So we see that the value of / is an exceedingly uncertain sort of 
thing. Allold authorities—Weisbach, Arson, Eytelwein, Unwin, 
and others—have reasoned from a great variety of data, and Pro- 
fessor Carpenter adopted Unwin’s results without investigation, 
as Eytelwein, Weisbach, and Arson said their discrepancies 
were or are due to errors of observation, but assumes that A’ 
should be a constant, and takes an average of the several 
values; and then, after some other assumptions, he arrives 
at the value of 7 by using Unwin’s formula, and putting instead 
of A a constant value .0027. He then constructs this very 
long table, and asks us to accept it as a good table for the flow 
of steam. 

Professor Jacobus.—Some extensive investigations relating 
to the flow of steam in pipes was made by M. Ledoux, and pub- 
lished in Annales Des Mines, vol. ii., 1892. 
printed in the Stevens’ Indicator. 


A translation was 
I should like the privilege of 


| 
h 7 L, 
d 
\ 
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comparing the tables given by Professor Carpenter with the 
results of the Ledoux formula, and of adding the same to the 
discussion. 

Professor Carpenter.*—At the request of Professor Jacobus 
made by letter since the annual meeting the writer has carefully 
examined the paper by M. Ledoux to which he refers, and sub- 
mits a comparison of the formula deduced by Ledoux and also 
gives a synopsis of the important data. 

The general formula for flow of steam adopted by Ledoux is 
essentially of the same nature as that stated in the paper, except 
that Ledoux assumes the coefficient of friction, /, as constant for 
all diameters of pipes and velocities of the flowing steam. He 
gives in the same paper the results of a series of experiments 
on the flow of compressed air in pipes, and for this case he also 
uses a formula of the same general nature. The method of 
performing experiments was similar to that described in the 
paper, inasmuch as he determined the amount of steam sup- 
plied, the amount discharged, and the condensation and loss 
of pressure, and from these data computed the coefficient of 
friction. 

Ledoux’s experiments were made on a larger scale than those 
described in the paper, and, consequently, his results are of great 
value. The experiments, referred to in the paper by the author, 
were made on pipes respectively l-inch, 1j-inch, 2-inch, and 3- 
inch, and with lengths varying from 90 to 250 feet. Those made 
by Ledoux were on pipes from 47 millimetres (1.85 inches), 71 
millimetres (2.79 inches), 75 millimetres (2.95 inches), and 100 
millimetres (3.94 inches) in diameter, and with lengths varying 
from about 100 metres (3-8 feet) to 330 metres (1,082 feet). He 
also quotes an experiment made by Gutermuth on a pipe 140 
millimetres (5.51 inches) in diameter. He made an extensive 
series of observations on the amount of condensation, and cor- 
rected for the same in his results, although he concludes that the 
correction for condensation is less than the unavoidable errors 
of observation. It will be noticed that the coefficients of friction 
deduced from his observations vary within wide limits, and that 
the errors of observations must have been, in many cases, of 
considerable magnitude. 

Instead of using the value of the density of steam or its weight 


* Author’s closure under the Rules. 
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per unit of volume, as in the formule given by the writer, he 
takes for the value of the density of steam 
D = 0.606 p* when p is expressed in atmospheres. 
D = 0.588 p'" when pis in kilograms per square centi- 
metre. 
By referring to a steam table it will be found that 
D = 0.003 p""' when pis expressed in pounds per square 


inch. 
Thus when 
p= 40; p ™ = 0.00292. p= 100; p ™ = 0.00294. 
p= 80; p 0.00293. 150; p = 0.0033. 


Ledoux gives as a general value for the coefficient of friction 


Q.000535 Lim, (im, — LY (14,) 


in which » = pressures in atmospheres, initials p, final p' ; 
d = diameter in metres, /, length in metres; m, = weight per 
second supplied in kilograms ; j = weight of condensation per 
square metre per hour, so that 0.000436 j// is a correction 
for condensation. Allowing a numerical value for condensation, 
Ledoux deduces the following value for the diameter : 


°/0.000502 2 
in 


The mean value of 7 from his experiments was 0.0011, which 
substituted in the above gives the following values : 


520,21 
/ po! — 


d = 0.056 / (15,) 
Po 


the latter being the one which Ledoux gives as the most proba- 
ble value of the diameter from his experiments, and is the one 


d= 


which he advises to be used for all practical purposes. 
As an example, suppose that in a pipe 300 metres in length 1 
kilogram per second is supplied when initial pressure is 10 


as 

f 
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atmospheres, and final pressure 9.5 atmospheres, to find the diam- 
eter of the pipe. Substituting these values in (15,), we have 


5 300 300 
d 0.0 — 9.5)! V/s — 78.8 


= 0.115 metre (4.39 inches). 


In a similar manner for a flow of 4 kilograms per second ¢/ 


equals 0.2 metre (7.87 inches), and for a flow of 10 kilograms 


per second (1,320 pounds per minute) the diameter equals 0,288 


metre (11.33 inches). 
Taking the results from the table given by the author for the 
same conditions, we have initial pressure 10 atmospheres equals 


147 pounds, final pressure 9.5 atmospheres equals 139.65 pounds, 


mean pressure 144.4 pounds, drop in pressure 7.35 pounds. 
The flow of 1 kilogram per second equals 152 pounds per 
minute, of 4 kilograms per second equals 528 pounds per minute ; 
10 kilograms per second equals 1,32 pounds per minute. 
Looking at right-hand side of table under 1!5 pounds pressure 
for drop nearest to 7.5 pounds, we note 7.31 pounds in fourth 
horizontal line from top. From this point follow to the left in 
the same horizontal line for the nearest number corresponding 
to the given flow of steam, which in the first instance is 152 
pounds. The delivery given by the table for a 4-inch pipe under 
these conditions is 97 pounds, and for a 5-inch pipe 178 pounds 
By interpolation on the supposition that the variation of flow 
is proportional to the square root of the filth power of the 


diameter, a pipe slightly under 4.5 inches will deliver 132 pounds 
per minute. For delivery of 528 pounds per minute, a pipe will 


be required larger than 7 inches in diameter and smailer than 8 
inches. For delivery of 1, 29 pounds a pipe will be required 
about 10.7 inches in diameter, or about one-half inch smaller 
than required by the formula of Ledoux. The substitution of 
the numerical values in the formula (17) given in the paper, for 
a flow of 132 pounds per minute gives a diameter of 44 inches, 
which is almost exactly the same as that obtained from the 
Ledoux formula. 

The examination would indicate that although there is a slight 
difference in the method of treatment of this problem by Ledoux 
and myself there is a very close agreement for pipe sizes with 
diameters between 3 and 8 inches ; thot for smaller sizes of pipes 
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the writer's table requires larger diameters for a given flow and 
for larger sizes a smaller diameter for a given flow, for the 
reason that the writer assumed as agreeing with his experi- 
ments that the coefficient of friction diminished with the increase 
of the diameter, while Ledoux considers it constant. Consider- 
ing only the commercial sizes of pipes, the table in the paper 
gives results which are in practical agreement with the formula 
of Ledoux. 


A comparison of the formule given in the paper with those of 
Ledoux may be made as follows. Thus in equation (11) of the 
paper substituting for A (1 + 7) the symbol of the coefficient 
( 


of friction 7, we shall have by transposing 


_ 20. 6638 pDd* 


In the above formula p» = drop in pressure = p) — j, and 
/) = mean density ; so that, numerically, »p/) is very nearly equal 
to — but we have already shown that — p,D, 
= 0.003 (p)'™ — p'". Substituting the last quantity for p/) in 
formula (12), we have 


In the Ledoux formula +, denotes the weight of steam sup- 
plied per second, and in the xbove formula ~ denotes the 
weight discharged per minute corrected for condensation This 
formula is essentially of the same character as the Ledoux for- 
mula for coefficient of friction (14,). The formule differ only 
in value of units, coefficients, and correction for condensation, 
and differ when reduced by an exceedingly small quantity. 
By transforming (11) of the paper we obtain 


20.663 p Dd ° 20.663p Dd® 7659p Dd? 
w* = = = 
“\L 0.0027 (1 4 4 


from which 
pDd® 


3.6 (14) 


w' = 87. 


i. 
‘ 
|_| 
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The formula (14) given above resembles very closely the one 
given by the late George H. Babcock in “ Steam,” page 89, the 
difference, in fact, being that Babeock uses a coefficient of 87. 
whereas the ecaleulation with the value of the coefficient A, as 
obtained from our experiments, gives a coefficient about one- 


half per cent. greater. The formula in which this coefficient is 


used is of a form deduced several years ago by Professor Unwin, 


and accords very closely with Weisbach’s statements of the 


flow of liquids in pipes. How the coefficient, as given above, was 
obtained by Mr. Babeock is unknown to the writer; but from its 
close agreement with the results of our experiments it was prob- 
ably based on good authority. 

The following table calculated by Mr. Babeock is extracted 


from “Steam”: 


TABLE oF FLOW OF STEAM THROUGH PIPES. 


DIAMETER OF Pipe IN INCHES. LENGTH oF Eacu 240 DIAMETERS 


- 


, With one pound loss of pressure. 


1.16 6.85) 747.3) 155.9 211.4, 341.1] 502.4 S04 
1.44 8.05) 95.8) 143.6 262.0) 422.7] 622.5) 996 
1.70 7122.6) 108.9) BOTS) 4.00.5 31.3) 1.170 
1.01 6.84 126.9) 190.1) 346.8) 450.5, 824.1) 1,318 
2.10 4.49) 13 200.0) 381.3) 615.3) 906.0) 1,450) 2,12: 
2.27 91.34) 150.8) 226.0) 412.2) 665.0) 979.5) 1.567 
2.43 97.60) 161.1) 241.5) 440.5) 710.6)1,046.7) 1,675) 
2.55 103.37) 170.7) 255.8) 466.5) 752.7)1,108.5) 1.774 

2 71 ‘OS .74) 179 269.0 490.7 741 1,166.1) 1.866 
2.83 2113.74) 187.8) 281.4) 513.3) 1,951 

2 45 118.47) 195.6, 293.1) 534.6) 862.6)1,270.1| 2.032) 
3.16 (127.12) 209 9] $14.5) 573.7) 925.6)1,363.3) 2.181! 3, 
3.45 138.61) 228.8) 343.0) 625.5 1.009.2 1,486.5 2378 3. 


By similar reduction from equation (1!) we ean obtain the 
following formula for the diameter of pipe expressed in inches: 


5 3.6 5 ) 
\ a ; 0.167 \ \ (15) 
1654p LD) pp 


/ 


For a 6-inch pipe (1 + 1.6, which, substituted in the fore. 


~~ 


going formula and reduced, makes 


pp 


2 © 
|. | 
as" } 1 l 2 2 3 4 5 6 8 10 12 1 | 18 
2 Weizht of steam per minute in 
= 
$58 
20.. 133 
BO 
40.. 222 
60... 151 
80... 31 
100... 
120 .. 193 
150... 
‘ 
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This formula is very nearly identical with that given by Ledoux 
when reduced to English units. ‘Thus, for the example considered, 
and for a flow of 1 kilogram per second, or 132 pounds per min- 
ute, the diameter, as given by the above formula, is 4.4 inches, 
and by the Ledoux formula is 4.39 inches. It would also seem 
that this formulz is accurate enough for practical purposes, since 
the variation in pipe sizes as computed by this formula, or by 
the more complicated ones, is slight and not of practical impor- 
tance. The writer also believes that this formula, which differs 
from that given by Ledoux principally by the use of the value 
of density of steam or weight per cubic foot, instead of the dif- 
ference of exponential function of the pressure, is, on the whole, 
much more convenient to use than that of Ledoux. To use the 
above formula the engineer must employ both the table of 
logarithms and a steam table ; to use the Ledoux formula a table 
of logarithms alone will suffice, but the computations are more 
difficult. The table 1s to be recommended in either case as giv- 
ing results with sufficient accuracy, and affording great economy 
of time. 

Regarding the question raised by Mr. Kent as to the law of 
variation of the coefficient of friction, the writer would say that 
in view of the investigations already quoted in the paper, and 
especially in view of those made by Professor Unwin in relation 
to the motion of compressed air, there is little doubt but that 
the coefficient of friction varies both with change of velocity and 
with change in diameter of the pipe. The experiments made 
at Sibley College with small and large pipes clearly indicated 
a change in coefficient of friction with the diameter, but we were 
unable to decide in regard to the intluence of velocity, as the 
effect of change of velocity seemed less than the unavoidable 
errors of observation. 

Mr. Kent refers to the variation in results of certain individual 
experiments from the average. This will also be noted in the 
experiments made by Ledoux, and serves to indicate the difficulty 
involved in noting all the conditions which take place at any 
given time. In some cases it is fair to suppose that mistakes of 
observation were made, but in other cases it is probable that 
some important conditions bearing on the subject were unnoted. 

The general results of the investigation, and the close agree- 
ment of the formula adopted with that given by the late George 
H. Babcock and by Ledoux, would indicate that the results are 
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to be relied upon as accurate for practical purposes, although 
liable to vary to a certain extent with change of conditions, 
which, no doubt, depend upon the method of erection of the 
pipe and the amount of moisture entrained in the steam. 
Appended to this closure are given abstracts of the data 
and results taken from the paper by Ledoux. 


IXPERIMENTS OF LEDOUX. 


M. 


oF STEAM IN [non Pipe 330 Metres (1,082.7 Ferr) LENGTH; 
DIAMETER, 75 MILLIMETRES (2.95 INCHES). 


INck. IN PREss. 
Dvr TO Weienr. 


LENGTH OF BeLow 
ConDUIT. THE SURFACE. 


INITIAL PRESS FINAL PREss. 


No. of 
Experi- 
ment. Lbs. per Lbs r Li 
Metres Feet. Metres. Feet. Atmos, Atmos, P&T) atmos,| per 
| Sq. in. sq. in sq. In. 


(130) 426.5 100 328.1 2 15 
A... 230] 754.6 200 656.2, 2.96 | 48.50 2.44 85.86 0.08 0.44 
( 330 1,082.7 | 239 784.1 2 14 


130 | 426.5 | 100 3828.1 3.81 56.00 0.02 | 0.29 
B... 5 230) 754.6 200 656.2) 8.88 | 57.02 3.66 53.78 0.04 | 0.59 
330 1,082.7 239 784.1 3.60 52.90 0.05 | 0.73 
| 
( 180) 426.5 328.1 5.44. 79.95 0.03 | 0.44 
C.... +4| 280 |- 754.6 200 656.2) 5.89 | 86.56 4.99 73.34 0.07 1.02 
830 1,082.7 239 | 784. 4 7.6 
130 426.5 100 328.1. 4.52 66.42 0.08 0.44 
ad. 230 | 754.6 | 200 | 656.2) 5.78 84.94, 3.48 | 51.14 0.05 | 0.73 
330 1,082. 239 | 784. 2 


( 130 426.5 100 328.1 4.69 68.82 0.08 0.44 
E... 2, 230 | 754.6 200 656.2 5.78 | 84.94 3.90 57.32 0.05. 0.73 
( 380 1,082.7 | 239 784.1 2.34 49.08 0.05 0.74 


130 426..5 100 328.1 
280 | 754.6 200 | 656.2 5.76 
(| 380 |1,082.7 | 239 | 784.1 


or 

to 


| 8% 1,082.7 


239 


784. 


1,082. 239 «784. 5.68 


1,082.7 239 784.1 3.00 44.09 2.69 | 33.65 0.04 0.59 


Area, 7.774 square metres = 828.9 square feet. 


68.33 0.038 0.44 

57.73 0.038 0.44 

33.64 0.05 0.73 

| 87.74 5.44 | 79.95 0.07 | 1.03 

$82.75 0.08 1.17 
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FLow oF Steam IN IRON Pipe 330 Merres (1,082.7 FEET) IN LENGTH: 
DIAMETER, 7) MILLIMETRES (2.95 INCHES). 


AL PRessure Weicut or Steam, Wr. or STEAM Con- VALUES oF F 
N F | CORRECTED SUPPLIED DENSED PEK Hour P 
NO. O j 
Experi- | 
ment. 
Lbs. per Kilog’s | Lbs. per /Kilog’s per) Lbs. per 
| Atm nq. iu. | per Sec. | Minute sq. Metre aq. ft Observed Average. 
( 2.62 | 38.50 0.00134 
ae )| 2.44 | 36.06 | 0.221 | 27.04 1.05 0.2058 0.00110 0.00119 
| 2 


| 00068 
78 | 0.162 | 21.48 | 1.19 0.2292 0.00121 ( 


B... +] 3.66 | 8: 
5 00111 


.00100 


7 00125 
5 ee 5 4.99 | 73.34 | 0.362 | 48.07 1.51 0.2683 0.00187 0.00182 
7 00134 


.00142 
51.1 0.538 71.14 | 1.22 0.2500 0.00134 0.00133 
5 } 00122 


00123 
E...4/ 3.90 | 58 64 | 0.345 | 72.06 1.23 ().2478 0.00111 0.00118 
123 34.33 00120 


00123 | 
F.....!352 51.73 0.546 72.18 1.21 | 0.2478 0.00127! 0.00121 
2.99 33.6 “00120 


.254 | 33.60 1.33 0.2724 0.00128 0.00123 


0.198 .00152 0.00182 


0.154 | 20.37 


~ 

= 
wo 


00110 0.00110 


3.81 | 56 ee 

4.§2 

48 
2.45 Bis 

4 

G.....| 5.44 | 79.96 | 0 ee as 

H.....| 5.63 | 82.74 | 
24 
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EXPERIMENTS OF LEDOUX. 


DIAMETER OF Prpr, 100 MILLIMETRES (3.94 INCHES). 
PRESSURE ABSOLUTE. Weicht COEFFICIENT OF FRICTION. 
of Steam 

Length, 13 Velocity 
Metres —— of Steam 

Entrance, Discharge, | Kilos. Each Me: 

Kilos, Kilos, Observation, | 

805.8 5.508 3.528 0.00119 
203.3 5.478 4.308 0.908 | 40.0 0.00114 0.00118 
102.3 5.498 1.983 0.00105 
305.8 5.6538 1.235 00108 
203.3 5.788 | 4.970 0.842 35.60 0.00099 | 0.00100 
102.3 5.748 5.3878 0.60092 
805.8 5.2638 2.813 0.00101 
203.3 5.273 3.748 1.036 47.10 0.00102 0.00100 
102.3 5.240 4.583 0.00095 
305.8 168 3.080 0.00114 | 
"03.3 5.088 3.893 0.911 42.15 0.00106 0.00114 
102.5 5.178 4.518 0.00124 
5.0838 4.000 0.00111 
203.3 5.073 4.435 0.698 33.10 0.00102 0.00104 
102.3 5.063 4.758 0.00098 
305.8 3.963 2.490 0.00114 
203.3 3.833 2.893 0.690 41.75 0.00111 0.00114 
102.3 3.813 3.340 0.00117 
305.8 4.098 9 915 0.00108 
203.3 4.131 3.428 0.673 38.85 0.00097 0.00096 
102.3 4.058 3. 74C 0. 
305.8 4.015 2.248 0.00119 
203.3 4.098 3.995 0.723 41.65 0.00125 0.00121 
102.3 £.203 3.718 0.00120 
305.8 4.040 1.393 0.00125 
203.3 4.048 2.013 0.692 40.35 0.00127 0.00125 
102.3 4.060 2.588 0.00123 
305.8 3.233 1.303 0.00105 
203.3 3.265 2.100 0.690 50.15 0.00121 0.00109 
102.3 3.145 2.645 0.00101 
305.8 3.280 1.990 | | 0.00166 
903.23 2.363 | O.486 35.65 0.00168 0.00166 
102.3 3.220 2. 82% 0.00169 | 
805.8 2.828 1.705 0.00115 
203.38 2.885 2.140 0.508 40.90 0.00123 0.0012: 
102.3 2 


2 883 2.540 0.00131 


Mean of all results = 0.00115. 
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EXPERIMENTS OF LEDOUX. 


FLow oF STEAM IN Pires. DIAMETER OF PIPE, 71 MILLIMETRES (2.79 INCHES). 
PRESSURE ABSOLUTE. Weight COEFFICIENT OF FRICTION. 
Length, of Steam Velocity — 
a Metres. | of Steam. 
Entrance, Discharge, Eact 
Kilos. Kilow Kilos. Mean. 
304.9 5.777 1.449 0.00104 
202.9 5.728 | 8.500 0.546 45.45 0.00101 0.00097 
102.0 5.678 | 4.818 0.00087 
304.9 5.653 | 2.578 0.00121 
202.9 5.678 | 3.953 0.456 38.40 0.00117 0.00110 
102.0 5.7038 5.075 0.00093 
304.9 5.95% 4.060 0.00132 | 
202.9 5.978 | 4.875 0.377 30.30 0.0012 0.00116 
102.0 §.918 | 5.5138 0.00093 
304.9 4.930 1.475 0.00123 
202.9 4.955 3.068 0.429 41.20 0.00121 0.00115 
102.0 4.905 4.200 0.00102 
804.9 5.023 2.52 0.00130 
202.9 4.962 3.44 0.393 37.40 0.0012 0.00120 
102.0 4.968 4.360 0 00107 
304.9 5.073 3.268 0.00112 
202.9 4.917 3.858 0.368 35 35 0.00103 0.00100 
102.0 4.975 4.555 0.00086 
304.9 4.075 1.360 0.001382 
202.9 4.088 2568 0.339 38.90 0.00133 0.00126 
101.0 4.064 3.478 0.00113 
804.9 3.898 1.923 0.00110 
202.9 3.972 2.763 0.328 38.90 0.00114 0.001038 
102.0 3.956 3.44 0.00085 
304.9 4.039 2.640 0.00143 
202.9 4.0138 3.130 0.260 31.00 0.00142 0.001384 
102.0 4.003 3.648 0.00119 
304.9 3.068 1.598 0.00099 
202.9 3.078 2.090 | 0.276 41.80 0.00104 0.00100 q 
102.0 | 3.083 2.658 | 0.00096 
| 
804.9 | 38.047 1 S08 0.00119 ‘ 
202.9 | 38 072 2 315 0.232 35 70 0.00118 0.00112 ; 
102.0 | 3.062 2.755 0.00100 
| 
304.9 | 3.093 2.1535 | 0.00117 
202.9 | 3.050 2.473 | 0.212 32.05 | 0.00111 0.00105 
102.0 } 3.088 2 870 | 0.00087 


Mean of all results = 0.00112. 
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EXPERIMENTS OF LEDOUX. 


FLow OF STEAM IN PIPES. DIAMETER OF PIPE, 47 MILLIMETRES (1.85 INCHES). 


| 

PRESSURE ABSOLUTE. OF FRICTION. 
Length, | of Steam Velocity: | 
Metres. |, Supplied | r'steam. 

Kilos. ( ion. Mean. 
303.60 3.325 1.570 | 0.00100 
202.75 3.211 2.183 | 0.109 | 35.75 0.90093 | 0.00093 
101.30 3.208 2.768 0.00085 
303.60 3.168 2.128 0.00071 
202.7 3.098 2.425 | 0.104 | 35.10 | 0.00069 | 0.00068 
101.30 | 3.063 2.790 0.00064 
303.60 3.122 1.693 0.00080 
202.75 3.117 2.178 | 0.108 | 36.35 | 0.00086 | 0.00082 
101.30 3.117 2.698 0.00081 
303.60 | 4.125 1.425 | 0.00086 
202.75 | 4.105 2.473 | 0.153 | 39.86 | 0.00089 | 0.00085 
101.30 | 4.088 3.430 | 0.00079 

| | 
303.60 | 4.068 1.855 | | 0.00084 
202.75 4.028 2.635 0.145 | 38.45 | 0.00087 | 0.00084 
101.30 | 4.048 3.455 | 0.00081 
303.60 5.048 1.468 0.00099 
202. 75 5.071 3.033 0.176 37.90 | 0.00102 | 0.00096 
101.30 5.060 4.268 | 0.00089 
303.60 5.058 | 2.128 | 0.00088 
202.7 5.078 | 3.320 0.177 | 38.15 | 0.00090 | 0.00086 
101.30 5.083 | 4.370 | 0.00080 
303.60 6.045 | 1.510 | | 0.00104 
202.75 6.028 | 3.523 | 0.206 | 37.50 0.00106 | 0.00100 
101.30 5.963 | 5.008 0.00091 
303.60 5.926 | 2.148 | 0.00101 
202.75 | 5.928 | 3.740 0.197 | 36.35 | 0.00102 | 0.00098 
101.30 5.9381 | 5.070 0.00091 
303.60 «5.953 8.028 0.00097 
202.7! 5.985 | 4.740 0.186 34.50 | 0.00097 | 0.00094 
10130 5.940 | 5.070 0.00086 
202.75 3.117 | 1.918 ae 0.00120 
101.80 | 3.1299 | 2.605 | 9-201 | 34-05 | g'ooi34 | 9-0012% 
| 

202.7! 4.078 | 2.348 > | evox | 0.00100 
101.30 4.093 | 2 378 0.142 | 37.25 | oo105 | 9-00108 
202.75 5.063 | 2.888 0.00115 
101.80 | 5.058 | 4.193 | 9-170 | 36.50 | | 9-00108 


Mean of all results = 0.00094. 
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DCCCIV.* 


A PNEUMATIC DISPATCH-TUBE SYSTEM FOR RAPID 
TRANSPORTATION OF MAILS IN CITIES. 


BY B. C. BATCHELLER,t NEW YORK CITY 


Tue history of the art of pneumatic transmission practically 
begins in London in 1853, when the Electric and International 
Telegraph Company constructed the first tube for dispatching 
their telegrams. This tube was 13 inches in diameter and 225 
vards in length. It was constructed under the direction of their 
engineer, Mr. Josiah Latimer Clark. 

Five years later a larger tube, 2} inches in diameter and 1,340 
yards in length, was built by the company. This was the 
beginning of the pneumatic-tube system in London, and it has 
grown year by year until a network of tubes radiating from the 
general postoftice covers the business portion of the city, con- 
necting with all of the sub-postoftices. Most of these tubes are 
2{ inches in diameter, and none is more than 3 inches. Light 
felt carriers containing telegrams and messages are dispatched 
through them. Paris was not far behind London in construct- 
ing a pneumatic telegraph. They use tubes of about the same 
diameter, but instead of having them radiate from central sta- 
tions they are laid in circuits or polygons, the carriers travelling 
around the cireuits in one direction only. Berlin and Vienna, 
as well as the smaller cities of England, now have systems of 
small tubes for dispatching telegrams and messages between the 
main and sub-postoffices. All are familiar with the pneumatic 
tubes used in our large stores for transmitting cash to and from a 

* Presented at the New York meeting (December, 1898) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the 7ransactions. 

+ This paper was secured by invitation of the committees having charge of the 
meeting, to explain the operation of the system before the excursion organized 
to visit the plant in operation at the New York postoffice. It was illustrated by 


lantern slides and stenographically reported from the verbal delivery. It has 
been felt that its interest justified its permanent record. 
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centrally located cashier’s desk. The Western Union Telegraph 
Company has constructed several lines of small tubes between 
its offices in New York city, it having been found that messages 


Fie. 121. 


1. Carrier used in the Berlin system. 2. Largest carrier used in the London system. 3. Six 
inch carrier used in the first Philadelphia system. 4. Eight-inch carrier used in New York and 
Boston. 


can be dispatched through tubes more quickly than over the 
wires. 

This paper relates to pneumatic tubes of a much larger size 
than any that are used in Europe—tubes which are not only 
large enough for the transmission of telegrams, messages, etc., 
but bulky mail, packages, merchandise, ete. (Fig. 121.) 
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The Philadelphia Line. 


The history of large pneumatic tubes for the transportation 
of mail began in the city of Philadelphia in the winter of 
1892-95. 

A company was formed in that city which had for its object 
the construction and operation of a system of tubes, to be laid 
under the streets, for the rapid transportation of United States 
mail, merchandise, messages, packages, ete. 

It began by making a contract with the United States Govern- 
ment for the transportation of the mail between the main post 
office and a branch postoffice on Chestnut Street near Third 
Street. a distance of about 3,000 feet, or little more than half 
amile. (Fig. 122.) 

The history of this pioneer company is similar to that of many 
others that launch new enterprises. Unexpected obstacles were 
encountered which caused annoying delays. It had been sup- 
posed that there would be no difficulty in obtaining suitable 
tubes. An order was placed with «a large manufactory of 
wrought-iron pipe, and it was not until the first delivery was 
made that the imperfections of this material were known. 
When the work was well in hand serious defects were dis- 
covered in the plans of the terminal apparatus for sending and 
receiving carriers. [ might mention other difficulties that were 
met by this company in the construction of the first line, but 
you can imagine what they were, for they are common to all 
new engineering enterprises. 

After being compelled to abandon wrought-iron tubes, it was 
decided to bore a sufficient quantity of cast-iron water-pipe, and 
machine the ends so that they would fit evenly. This was con- 
sidered a makeshift at the time, but no better material than cast 
iron has since been found for the purpose. 

Twelve boring machines were hastily improvised, and in the 
short space of seven weeks 6,000 feet of 6-inch water-pipe were 
inches inside 
diameter, in regular 12-foot lengths. The joints were made with 
lead and oakum calked in the usual manner. ‘The bends in the 
tube were made of seamless brass tubing filled with rosin and 
bent to the desired radius, the work of bending being done by a 


bored. The finished size of the tubes was 6! 


coppersmith. Flanges were screwed to the bends in order to 
connect them to the iron tubes. 
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Two tubes were laid for transportation in opposite directions. 
They were simply buried in the ground, without any special 
support or covering, one being placed directly above the other. 


PHILADELPHIA, 


THE 


AT 


APPARATUS 


\ND RECEIVING 


SENDING 


ruUBE 


Six-I NCI 


122 


Fia, 


They were separated by cast-iron brackets. At the main post- 
office the tubes enter the basement on the Chestnut Street side, 
extend suspended from the ceiling for 200 feet through a cor- 
ridor, and terminate on the first floor about the centre of the 
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building. At the branch postoftice they also entered the base- 
ment and terminated on the first floor, but about a year after 
the line was opened the branch postoflice was removed from 
Chestnut Street to the basement of the Bourse Building, where 
it is now located. 

Power for the operation of the system was and is still supplied 
by an air compressor located in the basement of the main post- 
office. The compressor is of the duplex type, having two 
steam cylinders and two air cylinders arranged with a com- 
mon crank-shaft and fly-wheel in the centre. The cranks are 
located between the air and steam cylinders inside a yoke that 
connects the steam and air piston-rods. The stroke is 24 inches, 
the diameter of the steam cylinders 10 inches, and the air eyl- 
inders 18 inches. The horse-power developed under normal 
conditions is about 25. 

The compressor discharges its air into a tank under a pressure 
of 6 pounds per square inch. The tank is 4 feet in diameter by 
8 feet high, and serves the double purpose of a separator to col- 
lect oil and dirt coming from the compressor and a cushion to 
reduce the pulsations of the compressor. 

The air flows from this tank to the transmitter located on the 
mail floor of the postoffice, thence through one tube to the 
Bourse, and returns through the other tube to the main post- 
office, where it passes through the receiving apparatus, and is 
then discharged into a second tank, from which the air com- 
pressor draws its supply. This tank that receives the air upon 
its return is open to the atmosphere, in order that any air that 
has escaped from the tube may be replaced by fresh air drawn 
into the tank. The tank also serves as a separator to collect 
any dirt or moisture that may come from the tube. 

This arrangement, adopted in Philadelphia five years ago, has 
been maintained in all systems since constructed, with the ex- 
ception of the first tank, which has been abandoned because it 
was found to be unnecessary. The air compressors now pump 
the air directly into the tubes. 

The transmitter or sending apparatus used in Philadelphia is 
simply a large valve turned by hand. In one position the valve 
is brought opposite an opening in its casing through which a 
carrier can be inserted, then the valve is turned until it is in 
line with the tube, when the air shoots the carrier along in the 
tube. In the latter position of the valve the opening through 
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which the carrier is inserted is closed by a circular plate. When 
the valve is turned to receive a carrier the air flows around the 
valve inside its casing, so the continuity of the current is not 
broken. The receiving apparatus at the main postoftice and at 
the Bourse is essentially the same as that used in the systems 
constructed later, which will be deseribed. 

The carriers used in this first Philadelphia line are similar 
but smaller than those used in New York and Boston. They 
are about 18 inches long by 63 inches inside diameter, and will 
contain 300 ordinary letters. (Fig. 121.) 

Notwithstanding the doubts of some postoftice officials, this 
tube proved to have ample capacity for transporting all the mail 
that had to be sent between the two offices, except occasionally 
some package that was too large to be put into a carrier. 

The time of transit of the carriers between the stations is 
about one minute, which is equivalent to an average speed of 
about 50 feet per second, or 35 miles per hour, much higher, 
you will notice, than is used in London, Paris, or Berlin. 


Government Contracts. 


After the completion of the Philadelphia line nothing was 
done to extend the pneumatic postal service in this country for 
a period of nearly four years. This may perhaps be explained 
by the financial depression that prevailed during this time 
Gradually, however, the officials of the Postoffice Department 
came to appreciate the great advantages of such a system, and 
last year Congress appropriated $150,000 for extensions in other 
cities. Of this amount New York came in for the largest share. 
Contracts were made for five separate lines of 8-inch tubes (you 
will note that the diameter of the tubes was increased two inches 
over that of the Philadelphia line): Two to be built in New York 
—one between the main postoftice and the branch postoflice in 
the Produce Exchange, the other between the main postoftice 
and branch postoffice ‘‘ H,” near the Grand Central Depot, with 
three intermediate stations on the line at branch postoftices 
“D,” “FP,” and “ Madison Square.” 

Another line between the main postoftice, New York, and the 
main postoffice, Brooklyn, by way of the Brooklyn Bridge. 

The fourth line in Philadelphia, between the main postoftice 
and the Pennsylvania Railroad station, with an intermediate 
station at the Reading Railway terminal. 
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And the fifth line in the city of Boston, connecting the main 
postoflice with the Union Railway station. 

The United States may have been a little slow in adopting a 
pneumatic postal service, but when she did it was done on 
a scale that is a lesson to her European neighbors. European 
cities have pneumatic message systems, but the United States 
is the only country that has a pneumatic postal system. It is 
the only country that transports its mails by pneumatic tubes. 
England, France, and Germany are satisfied with 2 and 53-inch 
tubes, but the United States builds 8-ineh. 

At the present time all of the above-mentioned lines in New 
York, Philadelphia, and Boston are in successful operation. 
The Produce Exchange line in New York was formally opened 
October 7, 1897; the Boston line, December 1/, 1897; the Grand 
Central line, February 11, 1898; the line to the Pennsylvania 
station, Philadelphia, April 7, 1898; and the Brooklyn Bridge 
line, August 1, 1898. The aggregate length of all these double 
lines is nearly 7) miles, or 15 miles of tube. To operate them 
12 duplex air compressors are required, besides a large amount 
of terminal apparatus for dispatching and receiving the carriers. 
To manufacture all of this material, except the air compressors, 
a factory was constructed at Philadelphia fitted with special 
machinery, 


Ss. 


The tubes are of cast iron, made in 12-foot lengths, with bells 
cast upon one end. They resemble ordinary water-pipe, but 
are somewhat thicker and made of a better quality of iron. 
They weigh before being bored about 720 pounds, or 60 pounds 
per foot, and are ,", of an inch thick after being bored. They 
are cast about 8 inches inside diameter, and are bored to a fin- 
ished diameter of 8} inehes. After boring, a counter-bore is 
turned at the bottom of the bell, and the male end of the tube 
is turned to fit the counter-bore of the next length. 

After each tube is finished it is gauged by passing a hardened 
steel gauge mandrel through it. The maximum variation in 
diameter of bore is about 0.01 inch, and this is principally due 
to the variations of temperature of the tube during the process 
of boring. If there is a hard spot in the iron, that part of the 
tube will become heated and expand, to contract again after the 
bore is finished. 
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It has been found necessary to make the cutters slightly 
larger than the finished diameter of the tubes. 


Brass De nds. 


Short bends in the tubes are made of brass from seamless 
tubing bent to a uniform radius of twelve times the diameter of 
the tube, or eight feet for an 8-inch tube. In order to bend 
the brass tubing and maintain a uniform cross-section, it is first 
filled with rosin which is poured in hot and allowed to harden, 
then the bending is done between a series of rolls. 

After the tubes are bent the rosin is melted out; they are 
cleaned, and brass flanges attached to the ends. This sounds 
like a very simple process, but a large amount of experience was 
necessary to produce satisfactory bent tubes. 

The brass bends are slightly larger in diameter than the 
straight cast-iron tube, to allow the carriers to pass freely 
through them. The shght leakage of air past the carrier while 
it is passing through the bends is not sufficient to interfere with 
the proper operation of the system. Since the brass tube is 
larger in diameter than the iron, tapering connecting pieces 
must be used to connect the two together in order to provide 
a smooth, unobstructed surface for the carriers to slide over. 
For reasons of economy the brass tubes are made as short as 
the angle will allow, but we are compelled to have a short por- 
tion of a straight tube on each end of a bend, it being impossible 
to bend a tube all the way to its end, for the “bending moment” 
would be infinite, and, of course, the material will not stand an 
approach anywhere near this limit. When the tangent point 
must be at the end of the tube we cut off the unbent portion. 


Terminal Apparatus. 
At each station, which may be tie end or an intermediate 
point on the line, apparatus is required for sending and receiv- 
ing carriers. 


The sending apparatus, or transmitter as we sometimes term it, 
consists of two sections of the tube supported in a swinging frame 
(Fig. 125), so arranged that either section can be brought into line 
with the main tube, in which a current of air is constantly flow- 
ing. One of these tube sections maintains the continuity of the 
main tube, while the other is swung to one side to receive a 
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earrier. In dispatching, a carrier is placed in an iron trough 
and then pushed into the open-tube section. The frame carry- 
ing the two-tube sections swings until the section containing 
the earrier is brought in line with the main tube, when the 
‘arrier is swept along with the current of air. While the frame 
is swinging from one position to the other, the air is prevented 
from escaping by plates that cover the ends of the tube, and a 
by-pass is provided so that the current is not interrupted. An 
air motor, consisting of a cylinder and piston, furnishes the 
power to swing the frame, the operator having simply to move 
a valve by pulling a lever. When the controlling lever is pulled 
and latched the frame swings, and as the carrier passes out of 
the apparatus it trips the lever and the frame swings back auto- 
matically into position to receive another carrier. 

A certain headway must be given to each carrier in order to 
prevent them from overtaking each other in the tube, and to 
eive the receiving apparatus at the other end of the line time to 
act. To prevent carriers being dispatched too frequently, a 
time-lock has been attached to the sending apparatus, that locks 
the controlling valve when a carrier is dispatched and keeps it 
locked for a given period of time, varying from five to fifteen or 
twenty seconds, according to the adjustment of the lock. The 
time-locks consist of a vertical cylinder and piston with a spring 
that constantly tends to force the piston to the bottom of the 
cylinder. The cylinder is filled with oil and closed at the top, 
forming what is commonly known as a dash-pot. When the 
piston is pulled upward the oil flows through holes in the piston 
that are closed by a valve when it moves downward. A by-pass 
from one end of the cylinder to the other allows the oil to flow 
around the piston during its downward motion. This by-pass 
ean be throttled more or less by a small regulating valve, thus 
controlling the speed and time of descent of tle piston. When 
a carrier is dispatched the piston is pulled up and allowed to 
descend under the force of the spring. When the piston is 
pulled up a spring bolt locks the controlling valve, and it remains 
locked until the piston returns to the bottom of the cylinder and 
withdraws the bolt. The period of time that the apparatus is 
locked depends upon the time of descent of the piston in the 
eylinder of oil, and this can be regulated by opening or closing 
the by-pass. 

Should the attendant attempt to dispatch a carrier before the 
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locking period has expired the controlling lever will move as if 
the valve were not locked, but the valve itself will not move, tlie 
two being connected by a spring. When the locking period has 
expired this spring that connects the lever with the valve will 
move the valve, even though the attendant may be elsewhere 
attending to other duties. By this automatic arrangement the 
attendant is not kept waiting for the transmitter to be unlocked 


Opn Receiver. 

When a carrier arrives at a station its velocity must be 
checked, and then it must be discharged from the tube. This is 
the function of the receiving apparatus, which operates auto- 
matically. Three forms of receivers are used, and they are 
known as the open receiver, the closed receiver, and the inter- 
mediate station receiver. 

The open receiver (Fig. 126) is used where the pressure in the 
tube is only an ounce or two above the atmosphere, which 
oceurs at the end of the tube farthest removed from the air 
compressor, and that may be in the same building with the 
compressor when the outgoing and incoming lines are both 
operated from one station, as is done with the line in Boston. 

The open receiver consists of an air-cushion formed by closing 
the end of the tube with a sluice-gate and allowing the air to 
flow out into a branch pipe through slots in the tube located 
about four feet in the rear of the sluice-gate. When a carrier 
arrives it passes over the slots, enters the air-cushion, and is 
brought quickly to rest without injury or shock. As it enters 
the air-cushion its momentum is destroyed by compressing the 
air, and this increase of pressure is utilized to move a smail 
valve that admits air to a cylinder located just above the sluice- 
gate. The piston in this cylinder is attached to the sluice-gate, 
so that as soon as the carrier comes to rest the gate is raised and 
there is just pressure enough in the tube to push the carrier out 
onto a table. When the carrier passes out it raises a finger 
that in turn moves the valve, and the air pressure acting on the 
piston in the cylinder closes the sluice-gate. It takes some time 
to describe this, but the operation occurs very quickly—in less 
than one second. 

Closed Leeceiver. 


With an air pressure in the tube of several pounds above the 
atmosphere we cannot use the open receiver, because when the 
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sluice-gate is raised the air would come out with a terrific blast 
and a roar that could not be permitted ; besides, the pressure 
would shoot the carrier out with great force. For terminal sta- 
tions where the air current arrives in one tube and returns by 
the other tube, such as the Union Railway station in Boston, 


LINE, PosTAL STATION “ P, 


EXCHANGE 


8.—SENDER AND CLOSED RECEIVER, PRODUCE 
New York Cry. 
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we have what we term a closed receiver (Figs. 127 and 128). It 
consists of a section of tube closed at one end, forming an air- 
cushion, which we will call the receiving chamber. This receiv- 
ing chamber is a prolongation of the tube. As carriers arrive 
they run directly into it and come to rest without shock by com- 


A 
) 
~ 


358 A PNEUMATIC DISPATCH-TUBE SYSTEM. 


pressing the air. The air current flows out of the tube through 
a branch located close to the receiving chamber that leads to 
the transmitter of the return line. The receiving chamber is 
mounted upon trunnions and has one end connected to a piston 
in a cylinder so arranged that the movement of the piston 
tilts the receiving chamber up at an angle of 40 degrees to 
discharge the earrier and then returns it to a horizontal posi- 
tion. While it is tilted the end of the tube is covered bya cir- 
cular plate attached to the receiving chamber. The air pressure 
is used to move the piston and receiving chamber, the move- 
ment being controlled by a small piston slide-valve, as in the 
open receiver. 

The slide-valve is moved by the increase of air pressure in 
the receiving chamber when a carrier arrives. It is returned to 
its normal position by the weight of the carrier, when the car- 
rier slides out of the receiving chamber onto a pivoted cradle. 
The cradle is connected mechanically to the valve stem and 
swings down into a horizontal position under the weight of the 
carrier, thereby moving the valve. 


Tutermediate-Station Receiver. 


I have already stated that the line between the General Post- 
oftice, New York, and the Grand Central Railroad depot includes 
three intermediate stations (Fig. 129). These stations are not 
located on branches off the line, but the main line is carried in 
and out of each station, so that the intermediate stations are 
located directly on the main line. Automatic receiving appara- 
tus is used in these stations, whereby a carrier destined for some 
particular station on the line can be dispatched from the Gen- 
eral Postoftice, and is so arranged that such a carrier will enter 
each intermediate station and pass out again until it arrives at 
the station for which it was destined, where it will be auto- 
matically discharged from the tube. The station at which the 
varrier will be discharged is determined by the diameter of a 
flat circular metal dise placed on the front of the carrier. These 
dises are made in graduated sizes, corresponding with the 
apparatus in the various stations on the line. The dise serves 
the purpose of closing an electric cireuit, which it cannot do un- 
til it arrives at a station where the size of the dise corresponds 
with the distance between two electric contact points. 

The intermediate-station receiver is of the “closed receiver ” 
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type, consisting of a chamber that forms a prolongation of the 
tube and an air-cushion to stop the carriers without shock. 
This cylindrical chamber is located in the horizontal diameter 
of a wheel that can be rotated through an angle of 45 degrees 
to discharge a carrier onto a table, or through an angle of 90 
degrees to redispatch a carrier into the tube and on to the next 
station. When the wheel rotates its broad flat rim covers the 
end of the tube, thereby preventing the escape of air. The 
wheel is rotated by a vertical cylinder and piston, using the air 
pressure in the tube as a motive power. When the carrier ar- 
rives at the head of the receiving chamber it touches two electric 
contact points. These contact points are the ends of two insu- 
lated needles that project into the chamber, and are held there 
by springs which allow the needles to retract when the end of 
the carrier strikes them. The two needles are set at graduated 
distances apart at the several stations on a line corresponding 
with the graduated diameter of the dises carried on the front 
end of the carriers. When a carrier enters the receiver and 
strikes against the points of the needles, if the dise of the car- 
rier is large enough to span the distance between the two needles, 
then an electric circuit is closed through the needles and dise, 
exciting an electro-magnet on the machine that causes a stop to 
be thrown Into the path of the wheel, stopping it at the 45- 
degree angle, at the same time drawing a slide and opening the 
receiving chamber so that the carrier ean slide out on the table. 
Had there been no dise on the carrier, or had the dise been too 
small in diameter to span the space between the needles, then 
the circuit would not have been closed and the wheel would 
have rotated through an angle of 90 degrees until the receiving 
chamber stood in a vertical position in line with a continuation 
of the tube. The carrier would then drop into the tube and go 
on to the next station. The air current flows through a by-pass 
around the wheel. At the first intermediate station on a line 
the needles are placed farthest apart, requiring the largest size 
dise to throw the carrier out at that station. At the second 
station the needles are set nearer together, and at the third 
station still nearer, and so on, the last intermediate station 
requiring the smallest disc. 


Directly under the receiver and supported upon the same 
base is a sender for dispatching carriers from the intermediate 
station. It is similar in all respects to the sender already 
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described and used in other stations, except that the swinging 
section of tube swings about a vertical instead of a horizontal 
axis. 

Each intermediate station is arranged to be cut out whenever 
it is deemed desirable. In order to accomplish this, a vault is 
built in the street near the station, in which is located a set of 
cut-out switches or by-pass. ‘Fig. 130.) These switches are 


131. —8-INcH CARRIER. 
operated electrically from the station near by. The electric 
current is used to open a small valve. The air pressure fur- 
nishes the power to move the switches. 
Carriers. 

I have already spoken of the carriers which contain the mail 
and packages during transit through the tube. They are thin 
steel cylinders, closed at the front end by a convex dise of the 
same material, carrying a buffer of felt and leather. The rear 
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end is closed by a hinged lid, secured by a lock. The lock on 
the lid consists of three radial bolts that pass through the shell 
of the carrier and the flange of the lid; they are moved by 
three eccentrics mounted on a common shaft that is turned by 
a lever on the outside of the bd. (Fig. 131.) The eccentric 
shaft is located eccentrically on the lid, so that when the 
handle is turned in the unlocked position it projects beyond 
the periphery of the carrier. In the locked position it lies 
within the circumference of the lid. When the earrier is in 
the tube the lid cannot become unlocked, for the handle cannot 
turn without striking the walls of the tube. 

The shell of the carrier is 24 inches long and 7 inches in 
diameter. It is surrounded by two | earing rings of woven cot- 
ton fabric, specially prepared, and clamped between metal rings. 
These bearing rings form the wearing surface as the carrier 
slides through the tube. When they are new they fit the tube 
closely, but they become worn until they are a quarter of an 
inch smailer in diameter than the tube. A carrier will run from 
four to five thousand miles before these rings have to be re- 
newed. Considerable air escapes past the carriers when the 
rings are worn small, but it affects their ve'ocity very little and 
does not interfere with the proper working of the system. 

An empty ca rier weighs about 13 pounds, and when filled 
with mail 25 or 30 pounds, sometimes more. 

The weight of our carriers is a very important factor in the 
operation of the system, for the life of the bear.ng rings is in- 
versely proportional to it, and the en-rgy stored in the carriers 
by virtue of their velocity is directly proportional to it, which 
means that the lighter the carrier the less is the wear and tear 
on the whole system. 

The energy of a carrier weighing 30 pounds and moving with 
a velocity of 50 feet per second is 1,165 “ foot-pounds,” sufti- 
cient to do considerable damage if one should strike a solid ob- 
ject. If the end of the tube were turned upward and the car- 
rier allowed to come out freely it would rise nearly forty feet 
into the air. 


Laying Ti bes, 


Having thus briefly described the special apparatus used, let 
us turn our attention for a few moments to the work of con- 
struction in the streets. 
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Of course, it is desirable that the tubes should be laid in as 
nearly a straight line as possible, supported upon a firm founda- 
tion, and protected from injury by displacement or frost. To 
lay them in a straight line for any e¢ msiderable distance in the 
streets of our cities is an impossibility. The streets themselves 
are frequently not straight, the grade of the streets is e n- 
stantly changing, and our tubes must occupy space not already 
appropriated for other purposes, if such space can be found. 
Most of you are more or less familiar with the underground 
constructions in the streets of our large cities. Almost every 
foot of space is occupied by sewers, water pipes, steam pipes, 
telegraph, telephone, and electric-lighting conduits, police- and 
fire-alarm conduits, trolley-railway conduits, house connections, 
and last, but not least, subways. Then bear in mind that all 
these pipes and conduits must be made accessible by frequent 
manholes that occupy a greate’ space in the cross-section of a 
street than the pipe or conduit itself Now we must find space 
for our pneumatic tubes, approaching as near a straight line as 
possible. We are frequently compelled to go deep to avoid 
other constructions ; for example, the tubes recently laid in this 
city are from three to ten feet below the surface of the street. 
The depth and direction of the line can be varied by making a 
slight angle at each joint of not more than 48 minutes, or a de- 
flection of 2 inches in 12 feet, which is usually sufficient to avoid 
obstructions when the trench is opened half a block in advance. 
A cast-iron mandrel is used in laying the tubes to insure smooth 
joints, and the ability to pass this mandrel through the joints 
limits the amount of deflection that can be made. The mandrel 
is 18 inches long, one sixty-fourth inch smaller than the bore of 
the tubes at the contre, and one-eighth inch smaller at each end. 
It is attached to the end of a long rod and passed through each 
joint when the tube is set in position, and again after the joint 
is enst and ealked. 

The joints are made with yarn and lead, the same as in water 
and gas pipes. Special care must be taken to insure the entrance 
of the mule end of the tubes into the counter-bores. Each 
length of tube must be thoroughly cleaned on the inside before 
it is put into the trench. The tubes are supported upon block- 
ing in the trench and the earth is firmly rammed about them. 
No other support is used unless the earth is loose, in which 
‘ase brick piers are built up from solid ground. The brass 
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bends are surrounded with eight inches of conerete or brick 
grouted with cement to protect them from injury. They are 
only one-eighth of an inch thick and easily injured by a pick or 
shovel if left exposed. he iron tubes are coated on the ex‘erior 
with tar to protect them from oxidation. 

When the tubes are laid in the ground no provision is made 
for expansion and contrac ion o‘her than the yielding of the 
lead joints, but in the lines that have been laid across the Brook- 
lyn Bridge special telescopic joints are provided, for the motion 
there is about fourteen inches. We have also to provide ball- 
and-socket joints to allow a slight lateral motion where the ends 
of the bridge join in the centre. 

It is customary to place drip-pots at all low points in 
the lines to collect any water that may accumulate. ‘These 
drip-pots have a blow-off pipe leading up to a_ surface 
box. 

In order to locate leaks and obstructions in the tube a hole 
is tapped every three hundred feet, and a small pipe is screwed 
in and led up to the surface of the street, terminating in a sur- 
face box. Thus provision is made for attaching a pressure-gauge 
at any time without digging up the street. The pressure, if 
noted simultaneously at several points along the tube, is a guide 
in locating faults. 

After the construction of a line is completed the time arrives 
for sending the first carrier through a tube, and this is an event 
of great concern for all who have taken any part in the work, 
especially for the engineers who have been in charge of laying 
the tubes and for the contractors who have done the work. 
Even the capicalists who have invested their money in the pipe 
so securely buried under ground do not escape a feeling of un- 
rest until the first carrier has made its appearance at the far 
end of the tube. Then, to make doubly sure that there are no 
obstructions, they usually ask to have the second dispatched 
around the circuit. 

It would be a wonder if during the weeks that the work of lay- 
ing the tubes is in progress some careless workman did not leave 
a piece of wood or yarn in the tube to be brought out by the first 
carrier. When the first line was opened in New York a piece 
of wood about 3 feet long came out in front of the carrier, but, 
fortunately, without serious injury to either the carrier or the 
apparatus. At the opening of the Boston circuit a bundle of 
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yarn, such as is used in making the joints of the tube, was the 
only obstacle in the path of the carrier. 


Size of Tubes. 

The question is frequently asked, ‘“ How large a tube can be 
constructed?” The reply is that it depends entirely upon cir- 
cumstances. A 4-foot tube or tunnel railway was built in Lon- 
don, but it proved a failure. For postal service I think an 
S-inch tube large enough, and it gives a more rapid service than 
a larger tube, besides being less expensive to build and operate. 
If the carriers were much larger they could not be readily 
handled, they could not be dispatched so frequently, the bear- 
ing rings would wear out more quickly, it would not be practica- 
ble to dispatch carriers with single letters, the mails would have 
to stand and accumulate, the difficulty of laying the tubes and 
of getting into buildings would be greatly increased, ete. 

There may be localities where a 10-inch or even 12-inch tube 
will be demanded. There will be no difficulty in making it 
operate. It is purely a question of expediency. 

For dispatching messages a 2 or 3-inch tube is large enough, 
as has been demonstrated abroad. 

Another question frequently asked, “What is the limit in 
length that a line can be operated?” For an &-inch tube I 
should not advise building lines more than four or five miles in 
length without a relay station. The distance might be greater 
with larger tubes, but the expense of operating would be large. 
I do not think it wise to use pressures above 25 pounds per 
square inch, and with this pressure the speed will decrease as 
the length of line increases. When the speed becomes low we 
have lost the great advantage of pneumatic tubes. The longest 
line that we have built thus far is about three and one-half 
miles, between the General Postoftice and Forty-fourth Street, 
New York. 


Lines in Operation. 


In Philadelphia there are two tube circuits now in operation. 
The first is the 6-inch line constructed in 1892, which has 
already been described at the beginning of this paper. 

The second circuit connects the General Postoftice with the 
Pennsylvania Railway station at Broad and Fifteenth Streets, 
with an intermediate station at the Reading Railway depot 
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Fic, 182,—MAIL Room, READING RAILWAY STACION, PHILADELPHIA, SHOWING 
PNEUMATIC-TUBE APPARATUS. 

known as the Reading Terminal. This circuit consists of a 

double line of 8-inch tubes la‘d from the General Postoftice along 

Tenth Street to Filbert Street, and out Filbert Street to the 
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Pennsylvania station, where the tubes terminate in the mail 
room, on the train floor. The distance from the postoftice to 
the Pennsylvania station is 4,500 feet, requiring 9,000 feet of 
tube. The carriers cover this distance in one minute and 
twenty-five seconds. At the Reading Terminal the sending and 
receiving apparatus is located in the mail room underneath the 
train shed. The power plant for operating this cireuit is located 
in the power house of the Pennsylvania Railroad at Sixteenth 
and Filbert Streets. Two duplex Ingersoll-Sergeant air com- 
pressors are installed, but only one is used at a time, the other 
being kept as a reserve. These compressors consist of two Cor- 
liss engines with air cylinders in rear and in line with the steam 
cylinders. (Fig. 123.) The air pressure used is 6 pounds per 
square inch, and the quantity of air compressed is about 1,200 
cubic feet per minute, the compressor running at a speed of 75 
revolutions per minute. The pressure varies with the number 
of carriers in the tube at any given time. 

The terminal apparatus used at the Pennsylvania station con- 
sists of a sender and open receiver, at the General Postoftice : 
sender and closed receiver, and at the Reading Terminal two 
intermediate-station senders and receivers. (Fg. 132.) <A setof 
cut-out switches are located in a vault under Filbert Street, 
which are used to cut out the Reading station from the main 
line whenever it may be desirable. 

In Boston one line of tubes has been constructed from the 
General Postoftice to the North Union Railway station, by way 
of Devonshire Street, Spring Lane, Washington, School, Bea- 
con, Bowdoin, Derne, Temple, Staniford, and Causeway Streets. 
The distance between the stations is about 4,400 feet. Two 
S-inch tubes are used, and are operated from the power plant 
located in the basement of the General Postoffice. Two air 
compressors are installed, one being kept as a reserve. (Fig. 134.) 
The air compressors are of the duplex Corliss type built by the 
Rand Drill Company. 

The tubes terminate at the Union Railway Station (Fig. 133) 
in the mail room under the tower at the southwest corner of the 
building. In the General Postoffice the sending and receiving 
apparatus is located on the mailing floor. The time of the 
transit of the carriers between the stations is about one minute 
and thirty seconds. 

Unusual difficulties were met in laying the tubes in Boston, 
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owing to the narrow and crooked streets, which were already 
crowded with sewers, gis and water pipes, electric conduits, ete. 
This necessitated laying the tubes deeper in the 
would otherwise have been necessary. 

In New York there are three circuits of S-inch pneumatic 
tubes radiating from the General Postoftice. 

The first connects the General Postoflfice with Brauch Post- 
office “P” in the Produce Exchange. The tubes are laid along 
Beekman, William, and Stone Streets, a distance of 3,700 feet. 
The outgoing and return tubes are operated by a single air com- 
pressor located in the General Postoffice, the same as the 
Philadelphia and Boston circuits. 

The second circuit extends fr.m the General Postoftice to 
Pos al Station “H,” at Forty-fourth Street and Lexington Avenue, 
a distance of three and one-half miles, with intermediate stations 
at Branch Postoftice “D,” Third Avenue and Eighth Street, 
Branch Postoftice “Madison Square,” Twenty-third Street and 
Madison Avenue, and Branch Postoftice “F,” Third Avenue and 
Twenty-eighth Street. The tubes are lail along Center Street, 
Lafayette Place. and Fourth Avenue, with branches in Twenty- 
fourth and Twenty-eighth Streets. This circuit is especially in- 
teresting, as it is the longest cireuit yet constructed, and has the 
largest number of intermediate stations. The north-bound tube 
is operated by an air compressor in the postoftice, and the 
south-bound tube by air compressors located in the power-house 
at Forty-fourth Street and Depew Place. The initial pressure 
in both lines is 12 pounds when no carriers are in the tubes. It 
frequently rises to 17 pounds when the tubes are worked to 
their full capacity. Carriers are dispatched at intervals of 
fifteen to eighteen seconds, and it frequently happens that there 
are fifty or sixty carriers in the line at the same time. The 
apparatus at the General Postoftice and Branch Postoftice “H” 
and at Forty-fourth Street consisis of a transmitter and open 
receiver. ‘Two sets of intermediate-station sending and receiving 
apparatus are installed at Stations “ D,” “ Madison Square,” and 
“TV.” These intermediate stations can be cut out of the main line 
by electrically operated switches located in vaults in the street. 
By means of graduated discs placed on the front end of the 
carriers mail can be dispatched from the General Postoftice to 
any desired station on the line, where it will be automatically 
discharged from the tube. The speed of the carriers in this as 
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in all the other circuits is about thirty miles per hour, requiring 
therefor seven minutes for the carrier to go from the General 
Postoffice to Forty-fourth Street. 

The third circuit extends from the General Postoffice in New 
York to the General Postoffice in Brooklyn by way of the New 
York and Brooklyn Bridge. The construction of this | ne in- 
volved novel features. A large portion of the tubes is in an 
exposed position on the Bridge (Figs. 136 and 137), subject to 


Fig, 135.—EXPaNsion JOINT IN THE PNEUMATIC TUBE AT THE CENTER OF 
THE NEW YORK AND BROOKLYN BriDGe. 


the vibration of that structure and a large amount of expansion 
and contraction from changes of temperature. When tubes are 
laid under ground no special provision is made for expansion, 
but on the Bridge and approaches it was necessary to provide 
no less than twelve expansion joints, and the maximum motion 
of these joints at the centre of the Bridge is about 14 inches. 
The tubes lie along the railway track, supported upon iron 
brackets clamped fast to the structure. On the approaches to 
the Bridge the tubes rest on rollers in each bracket, which 
allows freedom of motion longitudinally. 
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Fie. 136.—PNEuMATIC TUBES ON THE NEW YORK AND BROOKLYN BRIDGE. 


Fig. 1387.—PNEUMATIC TUBES ON THE BROOKLYN APPROACH OF THE NEW 
YORK AND BROOKLYN BRIDGE. 
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The expansion joints are made of brass tubing sliding through 
a stuffing box (Fig 135. Ba l-and-socket joints are placed in 
the tube at several points to allow of a slight lateral motion. It 
was found that the Bridge structure deflects a considerable 
amount under the load of a passing train, and this made the ball- 
and-socket joints necessary where the Bridge joins the abut- 
ments. The east-bound tube is operated by an air compressor 
in the New York Postoftice, and the west-bound tube by an air 
compressor In the Brooklyn Postoftice. The initial pressure at 
each end is about 6 pounds per square inch, and the time of 
transit of the carriers between the two postoftices is 3 minutes, 
the length of the line being about one and three-fourth miles. 

The entire power plant in the New York General Postoftice 
consists of 4 duplex air compressors driven by Corliss engines. 
One compressor is kept in reserve and can be used, in case of 
accident, to operate either of the three circuits. 
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DCCCV.* 
METHODS OF TESTING INDICATORS. 


BY D. 8. JACOBUS, HOBOKEN, N. J. 


(Member of the Society.) 


THE attention of the writer has been drawn to the fact that 
there should be some uniform method of testing indicators, 
through tests which he recently made on a pair of indicators in 
which the variation of the correct seale from that marked on the 
spring involved a large sum of money made payable by a con- 
tract. These indicators had been tested by using a mercury 
column as a standard, and the results gave a widely different 
scale for rising and falling pressures ; that is, there were double 
lines obtained in the test diagrams for each pressure. the lower 
line being for a rising pressure and the upper line for a falling 
pressure. On testing these indicators with the testing appa- 
ratus in use at the Stevens Institute of Technology there were 
no double lines traced on the diagrams except for one of the 
higher pressures with one of the indicators, where the two lines 
were about one hundredth of an inch apurt. The seales of the 
springs were much more uniform for the various pressures than 
those obtained by the mereury column, and the differe: ce be- 
tween the scales obtained by the mereury column and by our 
method was a large one, and seemed especially so when the 
amount of premium involved in the contract was considered. 
In view of the fact that there may be a difference in the resulis 
obtained by various laboratories, and also as a standard method 
will have to be decided on in the report of the committee ap- 
pointed to codify and standardize the methods of making engine 
tests, it may be well to describe our methods in detail, and solicit 
discussion on the same. 

The method we have adopted in testing an indicator is to 
regulate the pressure to some given amount and to trace two 
lines with the indicator: one after pressing the pencil upward 


*P esented at the New York meeting (December, 1898) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the 7ransactions. 
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and releasing it, and the other after pressing it downward and 
releasing it. Before taking each one of the lines the indicator 
is rapped sharply with a small wooden stick in order that the 
friction shall approach the friction of motion which exists when 
an indicator is used on an engine. If the indicator is in correct 
adjustment the two lines should fall one over the other. 

In testing an indicator with steam pressure, the steam is 
first brought to the maximum pressure to which the indicator is 
to be subjected, and the indicator cock is then opened and 
closed a number of times in order to heat the indicator. The 
steam pressure is then released, and the atmospheric line Is 
taken after turning the indicator cock to the proper position 
Two lines are traced for the atmospheric line in the manner al- 
ready described, and one should fall over the other in the same 
way as for the lines taken at given steam pressures. 

Ordinarily for pressures above the atmosphere the lines are 
taken for increments in pressure of either ten or twenty pounds 
per square inch, and for springs of a light scale below the 
atmosphere at intervals of two or three pounds per square inch. 

Indicators should be tested both before and after they are 
used on an engine, or other trial. One object of testing the 
indicators before the trial is to make certain that there is no 
excess of frieticn, which, if present, will form double lines on 
the test diagrams. If double lines are found it is generally due 
to some irregular action of the spring in either throwing the 
piston of the indicator out of line, or in forcing it against the 
side of the cylinder. All tests, therefore, in which there are 
widely different lines for increasing and decreasing pressures, 
are in error either through incorrect adjustment of the indi- 
cator, or through some error in the standard used in measur- 
ing the pressure. A mercury column will often give incorrect 
results when used in testing an indicator with steam pressure 
unless it is allowed to stand a long time at each pressure before 
taking a reading, on account of the fact that a considerable 
pressure is required to overcome the inertia of the mereury in 
the column if the latter is in motion, and there may be pulsa- 
tions which will affect the result. We at one time employed a 
mercury column in the form of a glass tube containing the mer- 
cury, and with the mereury in plain sight it required the most 
delicate manipulation to make the column balance at a given 
mark for a long enough time to obtain correct results. In some 
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columns the height of mercury is determined by employing 
electric contact points, and the lines are taken on the indicator 
diagrams when the top of the column of mercury touches the 
contact points, no effort being made to bring the column of 
mercury to a standstill in taking the readings. That there may 
be a large error in calibration made in the way can be readily 
shown by running the column at two greatly different speeds, in 
which case the results will not agree with each other. 

It was stated in my paper on “A Comparison of the Mean 
Effective Pressure of Simultaneous Cards,” taken by different 
indicators, presented at the New York meeting, December, 
1893, that there should be no great difference in the lines for 
rising and falling pressures with indicators in proper adjustment. 
This fact has been verified by a number of special tests made 
since then, some of which were published in the “Stevens In- 
dicator” of April, 1894. The fact that the lines should be the 
same for rising and falling pressures, with an indicator in cor- 
rect adjustment, when proper precautions are employed as 
explained later on, may be readily verified by employing the 
apparatus described herein. 

The apparatus used for testing indicators at ordinary pres- 
sures above the atmosphere is shown in Fig. 138. The indicator 
is placed at 1 on top of the cylinder B. The cylinder / is 
made of a piece of 6-inch standard pipe about two feet long. 
The pressure is measured by means of a plug and weight device, 
C, which is spun around so as to eliminate the effect of friction. 
The bottom of the plug is at the same level as the pipe D. The 
U-shaped pipe / is filled with oil. Before starting to calibrate 
the indicator, the pet-cock /’is opened slightly, in order to ailow 
any air in the pipe G@ and the siphon /H/ to escape. The siphon 
His surrounded by water contained in the vessel /, which con- 
denses the steam which enters it through the pipe //, so that 
when all the air present is allowed to escape through the pet- 
cock F, the pipe & and the siphon // will be filled with water. 
J is a pet-cock for removing any water that may collect at the 
bottom of the siphon F/, after the apparatus has been in use for 
along time. The pressure is adjusted by regulating the amount 
of opening of the valve A in the supply pipe 7, which furnishes 
steam, water, or compressed air to the apparatus, and also by 
adjusting the valve .J/ in the eseape pipe NV. O is a valve for 
removing any water which may collect in the bottom of the eyl- 
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inder B when steam is used, and for draining out the water after 
salibrating an indicator under hydrostatic pressure. The pan 
of the plug and weight device ( is limited in its movement by 
means of a fork which comes in contact with it only when the 
pan is in the extreme positions ; the two prongs of this fork are 
shown in section at / and Y@. fF is a gauge for showing the ap- 
proximate pressure. The readings of the gauge / are not used 
in testing the indicator, but as general guide in the use of the 
apparatus. The diameter of the plug in the plug and weight 
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Fig. 138. 


device Cis 0.5 inch, and the hole in the bushing, 0.5005 inch. 
Both the plug and bushing are ground true. The average area 
of the plug and of the hole in the bushing is used in calculating 
the weight required for a given pressure. 

In the apparatus, arranged as just described, one person 
adjusts the pressure and traces the lines on the indicator 
diagram. If so desired, one person may adjust the pressures, 
and a second trace the lines on the diagram. To arrange the 
apparatus for this purpose, the blow-off pipe from the valve J/ 
is led to a point near the valve A, and a second valve, for 
adjusting the rate of flow through the blow-off pipe, is placed 
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near the valve A where it can be operated conveniently by the 
party who adjusts the pressure. The apparatus which we use 
is arranged in this way. 

The apparatus is similar to that described for testing ther- 
mometers at temperatures above 212 degrees Fahr. in my dis- 
cussion of the paper by Messrs. Goubert and Peabody on 
“ Throttling Calorimeters,” presented at the New York meeting, 
December, 1895.* 

In testing indicators with steam pressure, the steam is brought 
to the maximum pressure to which the indicator is to be sub- 
jected ; the indicator cock is then opened and closed quickly a 
number of times, in order to heat the indicator. The steam is 
then released from the cylinder 7, and the atmospheric line is 
taken after turning the indicator cock to the proper position. 
In taking the atmospheric line, as well as the lines for any 
other pressure, the pointer of the indicator is first pressed 
upward, and then released and a line taken, then pressed down- 

yard and released and a line taken, the indicator being rapped 
sharply with a small wooden stick before taking each line, as 
has already been explained. After obtaining the atmospheric 
line, steam is admitted through the valve A, until the pan and 
weight device is balanced while being rotated. This requires a 
very fine adjustment, and the line is not taken until there is no 
tendency for the plug and weight device to either rise or fall. 

An apparatus for testing at pressures higher than can be 
carried on the boilers is represented in Fig. 139. It consists of a 
pipe A, 4 inches in diameter and about 8 feet long, placed in 
a slanting position, and arranged so that the lower end, from 7 
to C, can be heated by means of Bunsen burners. The pipe 7) 
is connected to both a water and steam supply. Water is first 
admitted through the valve /, until it nearly fills the gauge 
glass F, after which steam is admitted, and the water in the 
pipe A is heated, and the pressure, as indicated by the gauge 
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G,is brought to that of the entering steam. The valve F is 
then closed, and the pipe 4 is heated by means of the Bunsen 
burners until the desired pressure is obtained. The pipe // 
leads to a plug and weight device, similar to the one shown in 
Fig. 138. The indicator is placed at /. In the calibration the 
pressure is brought to slightly above the maximum, and is then 


* Transactions, vol. xvii., p. 168. 
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adjusted by opening the valve -. The first line taken is for the 
highest pressure, and immediately after taking the line the cock 
of the indicator is turned and the atmospheric line is traced on 
the diagram. The diagram is then removed from the indicator. 
Several diagrams are taken at the maximum pressure, after 
which the pressure is diminished for taking the other lines by 
adjusting the height of the flames of the Bunsen burners, and 
the amount of opening of the valve J. Two lines are taken for 
each pressure, in the same way as described for the apparatus 
shown in Fig. 138. A’ is a screen for confining the heat to the 
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lower end of the pipe 4. The upper end of the pipe 4 is 
encased with a non-conducting covering, to diminish the radia- 
tion. An asbestos shield is placed on top of the lower end of 
the pipe to partly confine the flames of the Bunsen burners and 
thus render them more effective. 

The apparatus employed in testing springs used under a 
vacuum is shown in Fig. 140. The indicator is attached at A to 
the top of the horizontal cylinder 4. The pipe / leads to a 
vacuum chamber and pump, and slopes downward, so that 
no water can collect in it. The amount of vacuum is regulated 
by adjusting the valve (, leading to the air pump, and by 
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admitting a small amount of air through the pet-cock 7. The 
vacuum gauge at /’ is graduated in inches of mercury and in 
pounds per square inch, a correction being made in the scale 
for the amount that the mercury falls in the vessel S when it 
rises in the tube. Gis a chamber for condensing any steam 
which may pass through the valve /, and thus prevent it 
from condensing on top of the mercury in the gauge /. ‘The 
water which collects in @ is drawn off through the pet-cock /7/. 
The height of the mercury cup S is adjusted by means of the 
screw (’, so that with no vacuum the surface of the mercury is 
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on the same level as the zero point of the seale. There is a 
straight edge in front of the mercury cup S, at the same level as 
the zero of the scale, which makes it easy to adjust the level of 
the mercury to the proper height. 

The apparatus may also be used for testing springs at pres- 
sures up to fifteen pounds above the atmosphere, the mercury 
column /? being used for this purpose. Where a spring is used 
for both a slight pressure and a vacuum, the entire calibration 
ean, therefore, be made with the apparatus shown in Fig. 140. 

In measuring a pressure above the atmosphere, the valve / is 
closed and the valve / opened. The pressure of the steam acts 
then on the water contained in the U-shaped pipe NV, and is 
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transmitted through the hose connection /? to the water in the 
upper part of the closed bottle GY. The lower part of the bottle 
() is filled with mercury, and when the pressure increases, this 
mercury is forced upward in the column #. The height of the 
bottle Y is adjusted by means of the screw 7, so that the mer- 
cury is brought opposite the zero line of the seale, a st ralght 
edge being used in the front of the bottle, at the same level as 
the zero line of the scale, as in the case of the vacuum gauge F’. 
In adjusting the bottle Y up and down, the glass tube forming 
the column moves up and down with the bottle ; this tube bears 
directly against the scale on which the pressures are read. 
Should the pressure be accidentally raised to such an extent 
that the mereury will be blown out of the column, the mereury 
will pass through the rubber hose J” into the bottle IV. 

In testing the indicator, it is first heated by means of steam, 
admitted through the valve A, until it attains what is considered 
to be about the average temperature to which it will be sub- 
jected in the test. T'wo lines are taken at each pressure, and 
all other details in making the tests are the same as have already 
been deseribed. 

It has been already stated that proper precautions must be 
employed in tests of indicators in order to obtain lines which 
shall be the same for rising and falling pressures. There may 
be a difference found in the lines for rising and falling pressures 
if there is a great difference in the temperature of the parts of 
the indicator above the piston in taking the two lines, whereas 
if the temperature is made about the same for each line then 
one line will fall over the other. Double lines may, therefore, 
be obtained by starting with a cold indicator and increasing the 
pressure quickly before teking a line, then raising the pressure 
to the maximum amount and decreasing it quickly before taking 
a second line. The difference between the lines taken in this 
way with an indicator in correct adjustment will vary from 
about one hundredth to a fiftieth of an inch with a sixty-pound 
spring. If, however, the pressure is maintained for a short 
time at a constant figure before taking each of the lines, the 
lines will fall one over the other. If an indicator is tested with 
an increasing pressure without heating it before commencing 
the tests, the variation of the temperature in the spring will be 
much greater than that which would occur if the indicator were 
used for taking an indicator card from an engine, and it is to 


= 
4, 
tha 


412 METHODS OF TESTING INDICATORS. 


correct as nearly as possible any error due to this cause that 
the indicator is brought to about the average temperature in 
our tests before taking the atmospheric line. 

A special test which can be made to show that there should 
not be a difference in the lines for rising and falling pressures, 
and to show that the results obtained by our method of testing 
agree with those in tests where the pressure acting on the indi- 
cator is changed quickly over the entire range, as is the case 
when an indicator is used on an engine, is as follows: The indi- 
eator is subjected to a high pressure at the start, and the pres- 
sure is lowered, and a line taken at a falling pressure. The in- 
dicator cock is then turned quickly so as to reduce the pressure, 
in the indicator to that of the atmosphere, and is immediately 
opened again, and a second line taken at the given pressure 
which will be a line for a rising pressure. As the temperature 
of the spring and mechanism is not changed the two lines will 
fall one over the other, thus proving that the same line is ob- 
tained for a rising and falling pressure. The atmospheric line 
is then taken before the indicator has cooled appreciably. The 
seale determined in this way will be found to be the same as 
that obtained by employing the method which has been adopted 
in our tests. In all tests of indicator springs five or more cards 
are taken, and the average of the ordinates from these cards are 
employed in calculating the scales. 

Table I. gives the results of tests made on an indicator spring 
by employing our usual method, with the exception that some 
of the tests were made at a decreasing pressure in order to 
show that, when proper precautions are taken, the results will 
be the same as for increasing pressures. 


. The scale of this spring when the pressure was varied quickly 
from the atmosphere to 100 pounds per square inch, obtained 
by the special test which has just been described, was 57.5 pounds, 
which agrees with the result given in Table L; the average of 
four cards which practically agreed with each other was used in 
computing the scale obtained by the special test. 


. 
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TABLE IL. 


Test OF INDICATOR SPRING, WITH INCREASING AND DECREASING PRESSURES. 


Distance IN INcHES FROM AtTMOspHERIC LINE TO 
PRESSURES GIVEN BELOow PRESSURES IN PoUNDS 


No PER SQUARE INCH 
Conditions ot 
Card 
20 80) 100 
TO) 1.050 1.395 1.725 
Pressure increasing ...... - 2 BO5 710 1.065 1.405 1.745 
{| 3 375 710 1.050 1.405 | 1.750 
\ l 60 1.065 1.400 1.730 
Pressure decreasing ...... - 2 boo .710 1.055 1.410 1.750 
695 1.055 1.395 1.730 
Seale of spring . 55.6 57.1 57.5 
Distance from 20 Ib. line to 
lines at the higher pres 
Seales starting from 20 Ib 
The seales starting from some line higher tian the atmosphere are used where back pressure 
ne of the indicator card is above the atmosphere, as in the high-pressure cylinder of a compound 
enyine. The scales measured froma line above the atmosphere in this way are often more uni 


form than those starting from the atmospheric line on account of the end pieces. which fit over 
the indicator spring, becoming worn so that the spring does not bear properly against them until 
there is a certain amount of pressure acting on the piston of the indicator. This was the case for 
the indicator spring for which the calibrations are given in the tabl 


DISCUSSION. 


Mr. A.M. Mattice.--The method proposed by the author in- 
troduces a very objectionable persoaal clement, viz.: Pressing 
the peneil up (or down) and releasing it. It needs but a mo- 
ment’s experimenting to prove to anybody that by careful 
manipulation in this respect widely varying results may be 
produced, If the pencil be pressed down but a very little way 
it will not return as far as if it were pressed down farther before 
being released. Besides, if pressed down a certain amount, 
found by trial, it will return beyond the point of frictionless 
equilibrium and remain there. A little manipulation can, the re- 
love, not only show that the indicator is apparently frictionless, 
but that it has negative friction, if such a term may be used. 
This is, in fact, shown by the author's Table I. In the column 
‘or 20 pounds pressure, the distances from the atmospheric line 
shown by the three cards for increasing pressure are 0.350, 0.365, 


and 0.375 inch, respectively, or an average of 0.363 inch; 


| 
] 
| 


wey 


414 METHODS OF TESTING INDICATORS. 


while for decreasing pressures they are 0.360, 0.355, and 0.355 
inch, or an average of 0.557 inch. Here, apparently, the 
indicator piston did not lag behind on account of frictional re- 
sistance, but was actually pushed farther ahead, by some means, 
than the average. The same anomaly occurs in the 40-pound 
and 100-pound column, while in the 60-pound column the figures 
show that the friction acted as a retarding force, as we ordi- 
narily experience it, rather than as an accelerating agent. These 
differences were probably due to slight differences in manipula. 
tion; possibly so slight as to be unnoticed by the operator. 
A careless operator could, by this method, easily produce very 
incorrect results; while an expert operator, if inclined to be 
dishonest, could show the indicator scale to be greater or less, 
apparently, than the true scale, according as it might suit his 
interests. 

Another objection to the proposed method is the introduction 
of the wholly artificial element of rapping the instrument to 
assist the spring in overcoming the frictional resistances. This, 
undoubtedly, aids in showing what the true value of the spring 
would be if unhampered by the piston and other mechanism. 
But what we wish to kuow for practical purposes is the true scale 
of the spring under the necessary conditions of actual working. 
Testing indicators by any method must introduce, to a greater 
or less extent, some artificial conditions, but it seems to me that 
the author’s method of rapping the indicator will show a greater 
error in one direction than existing methods show, if any, in the 
opposite direction. That the indicator piston does lag behind, 
and shows too high a pressure in falling Ines, and vive versa, 
is well known to those who use the indicator. An extreme 
ease, which is often experienced, is where the indicator js so 
“ sticky ” as to show a ragged expansion line. Any one who has 
access to an engine which will show identical cards for an in- 
definite lengti of time—such, for instance, as a moderate speed. 
pumping engine working against a constant head—can easily 
prove the lag of the indicator as follows : Get an indicator which 
is as nicely adjusted as possible. Now fit to this indicator 
another piston which will give considerable friction; not so 
much as to make it “sticky,” but within ordinary practical 
limits. Take several cards with one piston and then with the 
other, using the same spring in both cases. The piston having 
the greater friction will invariably show the higher expansion 
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line. If the indicator were rapped while in use, it would prob- 
ably show a more correct card, but some automatic arrangement 
should be furnished for rapping it with sufficient frequency to 
make the results compare with the rapping while testing at a 
stationary pressure. 

As to the inaccuracy of testing from a mereury column, which 
the author speaks of, due to the inertia of the mereury, I 
would say that if it is attempted to bring the mercury column 
to rest, this trouble will always appear. But when the pressure 
is constantly increased or decreased at an approximately uni- 
form slow rate, the error is inappreciable. This can be readily 
done where the electric contact method is used. The errors due 
to differences of speed of testing with the mercury column are 
likewise too small to be noticeable unless excessive speeds be 
used. A very convenient speed is «n increase or decrease of 20 
pounds pressure per minute. I have never attempted to deter- 
mine accurately how long it takes for the electric device to draw 
the record line, but it is less than one-fifth of a second. But, 
assuming it to be fully one-fifth of a second, with the mereury 
rising 20 pounds per minute, a 60-pound spring would advance, 
while the pencil is in contact with the paper, the 9); part of an 
inch. This is narrower than a fine pencil line, and could not 
be noticed. Even double this rate, or 40 pounds per minute, 
would not bring the error within the range of observation. <A 
practically constant rate of rise or fall of the mereury column 
is easily produced by using a very small steam valve with a 
stop to limit its opening. 

One frequent source of error should be provided against when 
testing from the mercury column, viz.: When the testing is done 
slowly, the indicator is not kept at the same temperature as in 
practical use. This can be easily corrected as follows: Let the 
indicator have two connections : one direct to the testing appara- 
tus, and a by-pass connection to the source of steam pressure. 
After the apparatus has drawn a record line on the card, shut 
the indicator off from the apparatus, connect it to the high-pres- 
sure steam, and work it up and down several times, reconnect- 
ing it to the apparatus sufficiently before the pressure reaches 
the next record point. 

I fully agree with the author as to the desirability of a greater 
uniformity in the testing of indicators, but the greatest care 
should be taken to introduce as few artificial elements as possible, 
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and to eliminate the personal equation as far as it can be 
done. 

Prof. F.C. Wagner.—There is one point in Professor Jacobus’s 
paper which does not agree with my own experience. He states 
that in testing an indicator Aof it should first be subjected to 
a steam pressure equal to the maximum pressure used. In 
another place he states that the indicator should be brought to 
the average temperature to which it is subjected in the test. 

A number of years ago 1 made some tests to determine just 
what the temperature reached by an indicator spring was when 
different steam pressures were beneath the piston. The pencil 
motion and piston rod were removed from an indicator, and 
with the piston and spring in place, a thermometer was inserted 
to measure the temperature of the space directly above the 
piston In every case, no matter what the steam pressure, the 
temperature was constant and about 212 degrees Fahr. 

The reason for this is that the syuce is filled with steam at 
atmospheric pressure which has leaked past the indicator piston. 
The amount so leaking is usually small enough so that any 
superheat which might be due to throttling is given up to the 
cylinder walls of the indicator before the steam comes into con- 
tact with the spring. 

Consequently, it makes no difference what pressure of steam 
is used to heat up an indicator spring preliminary to a /of test, 
so long as it is greater than atmospheric. 

In this connection it is worth while to consider the conditions 
which obtain when an indicator is used upon the low-pressure 
cylinder of a condensing engine. During a portion of the time 
the pressure is above the atmosphere, and during the remainder 
it is below. There is first a puff of steam against the indicator 
spring, and then a draught of air from the room as air is sucked 
into the indicator. The temperature reached by the spring is 
evidently somewhat between the temperature of the room and 
212 degrees Fahr., depending upon the proportionate lengths of 
time during which a pressure or a vacuum exists under the 
indicator piston. By actual measurement I have found tem- 
peratures varying from 140 degrees to 160 degrees Fahr. in dif- 
ferent cases. 

When the indicator works entirely upon a vacuum the tem- 
perature of the spring may be taken as that of the surrounding 
alr. 
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Prof. W. F. M. Goss._An arrangement for testing indicators 
by means of steam pressure, which has given satisfactory results 
in the engineering laboratory of Purdue University, is shown by 
Fig 141. This apparatus has been in use for several years past 
for eheecking indicators and thermometers. It consists of a 
f-inch steam drum, having a steam supply pipe at one end and 
a discharge pipe at the other end. At intervals throughout its 
length are fittings to which indicator cocks and thermometer 
plugs may be attachcd, only two of which are shown in the 
figure. The length of the pipe is such that two or more indi- 
cators may be tested at the same time. The steam supply pipe 
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has attached to it an ordinary lubricator, and the discharge 
opening is controlled by an automatic valve which, when set for 
a’ given pressure, serves to maintain that pressure within the 
4-inch steam drum. 

The automatic control will be better understood by reference 
to Fig. 142. Its principal feature consists of a cylinder and 
plunger made by the Crosby Steam Gauge and Valve Company, 
and similar, except as to external dimensions, to the eylinder and 
plunger employed by that company in their standard “ Gauge 
Tester,” and similar, also, to that employed by Professor 
Jacobus in the apparatus described by him ; that is, the pressure 
within the drum has aecess to a plunger of known area, which 
plunger is loaded by the application of weights to a weight 
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holder. But the apparatus under consideration is different 
from the others to which reference has been made, in that the 
plunger not only serves to determine the pressure within the 
drum, but that it also acts automatically to maintain the same 
constant. This is accomplished by having the plunger uncover 
a port, the form of which is such as will give an increase in the 
area of the port-opening as the plunger rises. The port is 
small, and the passages leading to the cylinder are large, so that 


the movement of steam under the plunger does not measurably 
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affect its pressure. The plunger, therefore, with the load it 
may carry on the weight holder, can be maintained in balance 
by the pressure of steam only when the pressure is constant. 
If an excess of steam is admitted to the steam drum the plunger 
rises, and in so doing gives a larger outlet. If the supply 
diminishes, the outlet opening is diminished. The arrangement 
constitutes a pressure-regulating valve which responds to dif- 
ferences of volume, the pressure remaining at all times constant. 

The purpose of the small drain between the plunger cylinder 
and the steam drum (Fig. 141) is to carry off the water of con- 
densation which, if allowed to pass the automatic valve, gives 
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rise to unsteadiness in its action. The lubricator on the steam 
pipe serves to lubricate both the indicator pistons and the 
plunger of the automatic valve. 

In using this apparatus the indicators are attached to the 
drum, the drum warmed, the small drain (Pig. 141) is slightly 
opened, weights representing the desired pressure are placed 
upon the weight holder, the lubricator started, and steam 
gradually turned on to the supply pipe, the weight pan being 
rotated meanwhile. When the weight holder floats freely be- 
tween stops, the indicator cocks are opened and records made 
similar to those deseribed by Professor Jacobus. Additional 
weight is then placed upon the weight holder, and the process 
repeated for a new pressure. 

1 would add that for testing indicators cold the Crosby gauge 
tester seems to serve every purpose. 

Professor Jacobus.* The objection raised by Mr. Mattice to 
the method of pressing the pencil of the indicator up and down 
and releasing it does not hold, because an indicator in correct 
adjustment will give the same line after the pencil has been 
pressed upward as it will after it has been pressed downward, 
when the indicator is rapped, as described in the paper, irrespece- 
tive of the amount of pressure exerted on the pencil. 

Pressing the pencil up and down and releasing it is simply a 
test to make certain that the friction of the indicator does not 
affect the readings, and an indicator should not be used if such 
irregularities as are described by Mr. Mattice are found to 
exist. 

The seale obtained in the manner described in my paper by 
pressing the pencil up and down will be the same for an indi- 
cator in correct adjustment as the scale obtained by rapping 
the indicator without pressing the pencil up and down. It is 
necessary, however, to press the indicator up and down in tak- 
ing each line even after the indicator has been found to be in 
correct adjustment, because the friction may increase at any 
moment through oil being blown from the piston or from other 
causes, and the results may be affected thereby. The statement 
that by careful manipulation widely varying results may be 
obtained apples, therefore, only to indicators which are not in 
correct adjustment, and indicators in this condition should be 
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adjusted so that constant results are obtained before proceeding 
to use them. 

Mr. Mattice states that there may be errors from pressing the 
pencil up and down which may make it appear that the indicator 
has negative friction, and says tha‘ this, in fact, is shown by my 
table giving the results of the calibration of a spring. This can- 
not oceur in an indicator in correct adjustment, as has already 
been explained, and it is not shown by the table. In taking 
each line, for which measurements are given in the table for 
both increasing and decreasing pressures, the pencil was pressed 
up and down, and two lines were taken, as described in the paper, 
and these two lines fell directly one over the other. The frie- 
tion of the indicator does not, therefore, enter the results given 
in the table, and no argument as to the effect of friction in 
the indicator can, therefore, be based on the differences found. 
Furthermore, the differences inthe average heights given in the 
table cf the lines at the increasing pressure and those of the lines 
at decreasing pressures are less than the probable error of the 
averages themselves ; hence, for this reason alone, Mr. Mattice is 
in error in basing an argument on the differences in the way he 
has done. The differences of the averages for increasing and 
decreasing pressures for the heights of the lines at 20, 40, 60, 
80, and 100 pounds per square inch above the atmosphere line 
are .006, .004, .005, .009, and .006 inch, respectively. As the 
readings are taken to the nearest .005 inch, there may be differ- 
ences of this amount between the averages even if all the 
measurements are accurately taken, and there is no accidental 
variation in the lines themselves. This amount, or .005 inch, is 
about equal to the maximum difference between the averages. 
As t' ere may be accidental variation in the lines themselves, due 
to the differences in the amount that the parts of the indicator 
are heated, ete., there may be greater differences than .005 inch 
with all the measurements accurately taken. This makes it still 
more apparent that the differences between the readings for 
increasing and decreasing pressures found from the table are 
too small to form the basis of an argument. 

Another objection raised by Mr. Mattice is the rapping of 
the indicator in testing the spring, in order to reduce the fric- 
tion, on the ground that what we wish to know for practical pur- 
poses is the true scale of the spring under the natural conditions 
of working. I have made tests to show that the true seale of 
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the spring under working conditions will be given by the 
method deseribed in the paper, in which the indicator is rapped 
in order to reduce the friction. My experiments also show 
that with an indicator in correct adjustment, the indicator piston 
does not lag behind to any apprec:able extent and show too 
liigh a pressure in falling lines, and v/ce versa. Mr. Mattice 
states that the piston having the greatest friction will invariably 
have the higher expansion line, and describes an experiment to 
bear him out. No such variations in the heights of the ex pal- 
sion line can be found with indicators in correct adjustment 
which will meet the requirements, as to friction, viz.: that there 
shall be no double lines on the test diagram when obtained, as 
described in my paper. The results of my experiments to prove 
this fact are given in Tables A and B. In these experiments 
the indicator cards were taken simultaneously with two indica- 
tors, which are designated .f and 2 in the tables. The adjust- 
ment of the indicator of was the same in taking all of the cards. 
Three pistons of different sizes were used in the indicator PB. 
(me of these was made to fit as tightly as possible without 
causing double lines on the test diagram. This piston was a 
much better fit than the pistons usually furnished with new 
indicators. The second piston used Wiis slightly less than one 
one-thousandth of an inch smaller than the first piston, and the 
third piston was made three one-thousandths of an inch smaller. 
These pistons are designated as “ ‘Tight,’ Medium,” and 
“Loose” in the table. An extra set of holes was drilled 
through the casing of the indicator in order to allow the steam 
which leaked by the * Loose” piston to escape from the indi- 
eator without producing an appreciable back pressure on top 
of the piston. 

Table A gives the mean heights of the expansion lines of the 
cards measured above the atmospheric line and the ratios of the 
average heights given by the indicator / to the heights given by 
the indicator 4. With the “* Tight” piston used in the indicator 
b the ratio was 1.10; with the ** Medium” j;iston, 1.11, and 
with the “ Loose ” piston, 1.10. The constancy of these ratios 
proves the fact that there were no differences produced in 
the expansion line by altering the size of the pistons in the 
indicator 

The indicator ecards were obtained from an engine in whieh 
the cut-off was about one-fourth stroke and the initial steam 
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TABLE A. 


MEAN HEIGHTS AND PRESSURES DURING EXPANSION, FROM INDICATOR CARDS 
TAKEN SIMULTANEOUSLY with Two INDICATORS DESIGNATED AS A AND B 
IN THE TABLE. 


Mean heights measured above the atmospheric lines of the indicator cards to the expansion lines, 
The length of the portion measured in each card was 72 per cent. of the length of the ecard. The 
indicator A was in the same adjustment in all the tests. A Medium.” and a Loose,” 
piston were used in the indicator B, the ** Medium” and * Loose’ pistons being .001 and .003 inch, 
respectively, smaller in diameter than the * Tight” piston 


MEAN HEIGHTS IN INCHES 


CaRDs TAKEN SIMUL- CARDS T ‘anps T: 
NuMBER or Ser or ‘I \KE SIMUL CARD TAKE = L- ¢ ARD TAKEN 
rANEOUSLY WITH TANEOUSLY WITH It TANEOUSLY WITH 


“Tight Piston in Pisron in “Loose Piston in 73 


Indicator A. Indicator 7}. Indicator 4. Indicator 4. Indicator 1. Indicator 7 


| .442 496 479 584 450 486 

| .499 AT6 146 504 
454 OL | 457 508 
Ratio of mean) 

heights...... ‘| 1.10 1.11 1.10 

Scale of spring used in Indicator A corrected for all variations. ee 59.3 
Scale of spring used in Indicator # with the * Tight ** and ** Medium” pistons.................53.0 
Scale of the same spring when used in Indicator with ** Loose” piston......... 543 


TABLE B. 


MEAN FoRWARD PRESSURES DURING EXPANSION AND MEAN EFFECTIVE 
PRESSURES FOR ENTIRE CARDS FROM INDICATOR CARDS TAKEN SIMUL- 


TANEOUSLY. 
Mean Forwarp Pressures MEAN EFFECTIVE PRESSURES FOR 
During EXPANSION IN ENTIRE AREA OF INDICATOR 
Pounbs PER SQUARE CARDs IN PouUNDS PER 
ARE ARD oR 
Piston UsEp IN INCH. Square Incu 


InpiIcaToR B. 


Indicator A. Indicator 2. Difference. Indicator 4. Indicator 2. Difference 


26.9 27.0 +.1 32.6 32.6 0 
28.2 28.5 | 32.4 32.7 + .3 
| 237.8 | +.8 33.4 32.9 —.5 
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pressure about 80 pounds per square inch above the atmosphere. 
To obtain the mean height of the expansion line the ordinate 
which is marked A / in Fig. 143 was laid off through a point in 
the atmospheric line 28 per cent. of the length of the card from 
the admission end. The area A 2 C'/) between the expansion 
line and the atmospheric line was then measured, and the 
mean height corresponding to this area was obtained. 

The indicator springs were carefully tested and the equivalent 
scales determined by laying off horizontal lines on one of the 
indicator cards taken by each indicator at the height of the lines 
on the test diagrams. The scale corresponding to each area 
included between the test lines was multiplied by the area, and 


the sum of these multiples was divided by the entire area of the 
eard in order to obtain the equivalent seale. 

The mean forward pressures during expansion obtained by 
multiplying the heights given in Table A by the equivalent 
scales are given in Table B. The mean effective pressure for the 
entire cards was also worked out, and the results are also given 
in Table B. 

The fact that the mean forward pressure during expansion 
and the mean effective pressure were the same for the “ Tight ” 
piston as for the other two pistons shows that the proper scale 
of the spring was used for the working conditions. The scale 
used, as already explained, was that obtained by rapping the 
indicator so that no double lines were formed on the test dia- 
erams. When the indicator with the “ Tight” piston was not 
rapped double lines were formed, and the seale from such 
double lines would make the mean effective pressure lower than 
the true value. The tests prove, therefore, that the correct 
seale was given by the “ Tight” piston when the indicator was 
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rapped, and that a scale obtained from a test. diagram in which 
there were double lines, using the upper lines for the falling 
pressures and the lower lines for the rising pressures, would 
have been in error. 

The main error which may occur in using a mercury column 
is not due to the lack of quickness with which the recording 
device acts, as might be inferred from the computations given 
by Mr. Mattice, which show the quickness of such action. The 
error occurs mainly from pulsations in the long column of mer- 
eury, which has a considerable mass and is balanced against 
an elastic medium. I do not pretend to say that correct results 
cannot be obtained with mercury cclumns, but that there can 
be errors I know from personal experience. In one case we had 
some indicators tested inthe regular way by means of a mercury 
column in the hands of an expert operator. After completing 
the tests in the regular way, I suggested that the column be 
run very slowly. This was done, and the results obtained with 
the slowly moving column were different from those obtained 
when the column was run at the ordinary speed. In these tests 
there were double lines traced on the diagrams in the tests with 
the mereury column, whereas my own tests gave single lines. 
The average of the two lines for the slowly moving column 
ay 
column run at the ordinary speed did not. How to make use 
of the double lines on the diagram is an open question. I know 


greed with my own calibrations, whereas the average with the 


of a concern employing a mercury column which gives only 
the readings for increasing pressures in their reports, unless the 
parties for whom the tests are made request that they shall be 
furnished with the results for decreasing pressures as well as 
those for increasing pressures. 

A point is raised by Mr. Mattice and Professor Wagner in 
regard to the temperature of the spring being different in the 
tests to calibrate it than when the indicator is used on an engine. 
Professor Wagner is correct in saying that the temperature of 
the spring for the usual working conditions of an indicator for 
pressure above the atmosphere is about 212 degrees Fahr. I have 
made tests to determine the temperature to which the springs 
are subjected when calibrated on our apparatus, and find that 
there may be superheating in the steam above the piston of 
from 10 to 20 degrees Fahr. when the indicator is subjected to 
steam at 80 pounds pressure. The steam which enters our 
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apparatus contains considerable moisture, and water appears at 
all times at the drip valve marked ( in Fig. 138, and should 
this be closed it raises in a gauge glass which is not shown in 
the figure. The steam acting on the piston is, therefore, always 
in a moist state. We have made tests in which a small amount 
of water was blown into the indicator along with the steam. 
To accomplish this the blow off pipe V was made to lead from 
the cylinder / at the same height as the pipe leading to the 
indicator, and the drip valve O was closed so that water col- 
lected in the cylinder. When this was done, the temperature 
above the piston was found to be 212 degrees Fahr. Tests were 
made by calibrating an indicator spring at 212 degrees by allow- 
ing the water to leak past the piston along with the steam, and 
by calibrating the same spring in the ordinary way. The dif- 
ference in the results of the calibrations was less than one-half 
of 1 per cent., the scale with the spring at 212 degrees Fahr. 
being slightly the greater. We have considered this difference 
an unimportant one, and have employed the ordinary method in 
our calibrations. 

In some tests we have made we have used the apparatus 
shown in Fig. 138 in the same way as the apparatus described 
for high pressures shown in Fig. 139; that is, we maintain the 
steam in the apparatus at a given pressure and take five lines 
or more, together with the corresponding atmospheric lines, 
before taking lines at another pressure. When this is done, 
the lines can be taken quickly on the indicator, and the tem- 
perature of the spring will be more nearly that which exists 
under working conditions. The atmospheric lines are taken 
after tracing the lines at the given pressures, two three-way 
cocks being connected between the indicator and the cylinder 
&, and both being turned in taking an atmospheric line, so 
that any leakage in the indicator cock will not affect the atmos- 
pheric line. 

In the case of a spring working under a vacuum we strive 
to make the temperature of the spring, in the calibrations, as 
nearly as possible that to which it was subjected when in use. 

The arrangement described by Professor Goss provides an 
easy and accurate way of regulating the pressure, as well as an 
accurate means of measuring it. For great refinement, however, 
I feel that the device which we use, in which the rotating plug 
is maintained at a constant temperature, will give more accurate 
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results than where it is heated by the steam. The expansion of 
the plug and the bushing on being heated by the steam produces 
an error of about 0.5 of a pound per square inch at 80 pounds 
pressure. We have tested a plug arranged as described by 
Professor Goss, and have found that there was a practical 
agreement with our own when the steam which escaped through 
the opening at the side of the plug issued at a considerable 
velocity. When the pressure was regulated so that little or no 
steam escaped there was a difference fonnd of about 0.3 pound 
at a pressure of 80 pounds per square inch, or the difference 
corresponding to the difference in area of the plug and of the 
bushing when cold and when heated by the steam. The reason 
that there was an agreement when considerable steam was 
allowed to eseape through the opening at the side of the 
plug arranged as described by Professor Goss was on account of 
the fact that the frictional resistance of the steam, in passing 
through the opening beneath the plug, caused a slight loss of 
pressure between the reservoir to which the indicator was at- 
tached and the plug, and when the velocity was such that this 
loss became equal to the difference of pressure corresponding to 
the difference in the area of the plug when hot and when cold, 
the two effects counterbalanced each other. 
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DCCCVI.* 
TOPICAL DISCUSSIONS AND NOTES OF EXPERIENCE. 


No. S06—139. 
Does it pay to pickle ordinary castings? 


Mr. Ovosco C. Woolson.—It oceurred to me when I saw this 
question of pickling was to come up that I must make a few 
remarks, prompted from observations and personal experience in 
this character of work. 

To begin with, however, I am impressed with this view of the 
problem : 

1. It depends on several conditions whether it be desirable to 
subject castings to a bath of pickle or not. For instance, some 
foundries have a class of work requiring such a soft character of 
metal, and require such a character of tooling, and, further- 
more, have such methods of moulding and pouring, that there 
is not an adequate return for the outlay in proper pickling; 
while, on the other hand, there is a class of work necessarily pro- 
duced in loealities and under such conditions of metal moulding 
and casting that it seems to be advantageous to pickle the castings 
before subjecting them to the particular character of tooling 
necessary, so that to my mind it all depends on the several con- 
ditions whether it is wise to pickle or not to pickle. 

2. If pickling is decided on, for any particular reasons, then I 
wish to make a suggestion in the interest of the mechanic. See 
to it carefully that your apparatus is well equipped for thoroughly 
rinsing before subjecting the castings to the men who are to 
handle them and do the tooling, for where the rinsing is carelessly 
done, there will arise sulphurous fumes which are exceedingly dis- 
agreeable, and [have no doubt injurious to the lungs of any one, 
especially if such person is naturally weak in these parts. 

There is only one sort of being who can stand it for any great 
length of time, and that being is “ a once-was,” and he is usually 


* Presented at the New York meeting (December, 1898) of the American 
Society of Mechanical Engineers, and forming part of Volume XX. of the 
Transactions. 
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nowadays to be found in museums, done up in medicated sack- 
cloth. 

Mr. Charles L. Newcomh.—I would like to say that the adop- 
tion of the sand-blast for cleaning castings replaces pickling in 
our establishment. The answer to the question asked should 
depend very largely as to the kind and quality of castings being 
made. From my experience with the sand-blast in cleaning cast- 
ings during the last two years, I believe any foundry making 
over six tons of castings per day cannot afford to use any other 
method, if the castings must be cleaned. If a foundry is making 
fifteen to twenty tons per day, there is then more reason for using 
the sand-blast, because of the saving over any other method of 
which I have knowledge. There are many foundries in which the 
sand-blast would not be useful, such as pipe foundries and foundries 
making ear wheels, etc. Foundries using pickle for removing 
the sand and seale from their castings should inimediately join 
the procession of progress and adopt the sand-blast. Foundries 
producing steam-engine castings, air compressors, and steam- 
pump castings cannot afford to be without a sand-blast apparatus 
for cleaning their castings. Such foundries will find it the only 
“ up-to-date” method of removing the core sand from the steam 
ports and jackets of all kinds of cylinders ; it has no competitor in 
any form of pickle, either in cost or quality of work. Ports and 
jackets ean be made absolutely clean : it does away with the slow 
methods usually in vogue where steam cylinders are to be cleaned, 
which is two or three days of pickling, with hours of labor by some 
workmen scouring through the ports with a piece of sheet metal. 
There is sure to be sand in the corners after a casting comes from 
the pickle, no matter how long it is left on the pickle bench or 
how thoroughly the pickle is applied. Time is another important 
element. <A plain eylinder 20 inches in diameter of bore and 
294 inches long can be cleaned by one man in a properly designed 
sand-blast room in ten minutes, and the ports will be cleaned. 
Sand-blasting a casting removes much of the silicions oxide 
from the casting, so that the parts which are to be tooled do not 
destroy the tools so rapidly ; especially is this noticeable where 
castings go to the turret and milling machines, and the tools 
which are used are expensive, and a small saving is worth con- 
sideration. Good, honest jobbing foundries should hail the use 
of the sand-blast, because it shows up all the imperfections in the 
castings, cleaning all sand out of the blow-holes and stoggy 
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places, enabling the imperfect casting to be discarded in the 
inspection. One operator in the operating room ean clean fifteen 
tons of steam-pump castings per day, of ten hours, requiring a No. 
9 B. O. & KR. A. Tilghman mixer (sold by Ward and Nash; 
Boston); a boiler plate washer, 7 feet long, 4 feet diameter ; 
a Sturtevant exhaust fan, 40 inches; Deane air compressor, 10 
by 12. The usual pressure being between 15 to 22 pounds, using 
a nozzle of ® inch in diameter. 

Mr. Suplee.—T understand that in Germany they are now using 
a weak solution of hydrofluoric acid with great success. It aets 
on the silica, and eats out the sand in a way that an ordinary 
pickle does not. 

The solution used for this purpose is composed of about twenty 
parts of water to one part of a 30 per cent. solution of hydrofluorie 
acid, which will attack the siliea direet, without having any per- 
ceptible action on the iron, Ttshould be used in lead-lined tanks, 
and handled with care, as it will injure the hands unless they are 
protected by rubber cloves, As the ordinary pickle ean only 
act by undereutting the scale and eating away the metal until 
the scale is removed, it should follow that a solution which acts 
directly upon the silica is more desirable. 

Wm. Nent.— seen the use of hydrofluoric acid for 
removing the clay from eastings that have been cast in baked 
clay moulds, and it did that very suecessfully. The hydrofluoric 
acid seems to have a field for some purposes, 

Mr. Newcomh.—T think I ought to say that the sand-blast 
takes off the silicious oxide on the outside of the casting, and the 
men in the shop notice it right away. In that way the tools 
retain their edge. 

Mr. Suplee-—In regard to the sand-blast, I know that it 
is used with remarkable success in preparing surfaces for the 
Bower-Barff process, and it is practically impossible to get a con- 
tinuous coating of magnetic oxide unless some such method of 
cleaning is employed. This leaves the iron with a silvery white 
appearance, practically chemically clean. This method is used 
for small hardware and castings of that sort. 


No. S06—140. 
What is the strength of pipe fittings made by a casting process? 


Mr. H. H. Suplec—1 might state that that question is intro- 
duced by me at the request of a gentleman not a member of the 
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Society, for a specific reason. At the present time American 
manufacturers are exporting large quantities of American wrought- 
iron pipe for steam and gas and other work of that sort. But 
they find themselves seriously hampered in meeting the foreign 
market for pipe fittings. That is, they cannot take the whole 
order, simply because there is a general mistrust abroad of cast 
fittings. Wrought fittings are the rule instead of cast fittings, 
the idea being that the American cast fittings are not strong 
enough. Under those circumstances it is very desirable to be 
able to show the foreign users of American produets that the cast 
fitting is all right when properly made, and it was thought desir- 
able to obtain some expression of opinon on the part of a respon- 
sible body like this that would boost up the American article, on 
the other side of the ocean. If anything could be said on that 
subject it would be of value to American commerce abroad. 

Mr. Wm. Kent.—Two cases in the last two years were called 
to my attention of the breaking of cast-iron fittings; but they 
were caused by water ram in a steam pipe. Probably if there 
had not been any cast-iron fittings there, something else would 
have broken, such as the steam chest of the engine. The cast- 
iron fitting is apt to be not strong enough to stand a water ram. 


No. 806—141. 
What constitutes a seamless tube ? 


Mr. Henry Souther.—A topic for discussion has been placed 
before the Society which, under ordinary circumstances, should 
hardly require discussion—* What constitutes a seamless tube ?” 
It is a fact, however, that during the last few months this name 
has been applied by men whose opinions are of great value in 
the manufacturing and scientific world, to material which should 
not be put under this head. It is doubtful if there is authority 
in the shape of a dictionary or encyclopedia which will settle this 
matter finally, and we may be obliged to rely upon custom and 
metallurgy to say whether a tube is seamless or not. 

Assuming that the question is one of terminology, let us see 
what the dictionaries say. Under “seamless” we find in all 
eases as follows: “ Without a seam.” What are the definitions 
for “seam”? Consulting Webster and the Century, it is found 
that each gives several definitions, referring particularly to cloth, 
leather, and other fabrics which have no reference to the present 
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ease. Another is also given which seems to hit the case under 
discussion. It is 


“Seam, joint, suture, line of union.” 


From this definition it appears that no interruption of material 
need exist or be seen in the finished product. Therefore, relying 
solely upon terminology, a butt or lap-welded tube, or a tube 
jointed in any manner, cannot be properly called seamless. 

Custom points out very plainly exactly what is meant by a 
seamless tube. For many years we have been making tubing by 
various processes of rolling a strip about a mandrel and welding 
the edges of the strip together. Up to the last few months | 
have never heard any one call material so made, seamless. The 
temptation is great to apply the name of a superior article to one 
that is inferior, for trade purposes, but for the sake of accuracy, 
if for no higher motive, we should confine ourselves to the dis- 
tinction and meaning as applied by common usage to the word 
seamless.” 

Examine the process of manufacture of the two kinds of tubing 
which are recognized as being seamless or jointed. To make 
either an ingot is cast. The ingot is then rolled to a bloom, the 
bloom to some form of billet or slab, and this, to form the welded 
tube, is rolled into what is known as “skelp.” So far this steel 
is seamless. The continuity of the metal has not been interrupted 
at any point except to cut the steel into pieces small enough to 
handle. From this material known as “ skelp” either a seamless 
or welded tube can be made, and right here occur those opera- 
tions which draw a sharp line between the two forms of tube. 
To wake a seamless tube this skelp would be cut into pieces 
perhaps 10 inches square; then by successive cold-cupping opera- 
tions, which in no way separate the grain, this sheet of skelp is 
made to assume the form of a deep, narrow cup, very much of the 
proportions of a cartridge shell. The closed end of this eup is 
cut off, and the product is unquestionably a seamless tube, ready 
to be elongated to suit requirements. ‘This tube has never had 
the particles of metal which form its sides separated in any way. 

From the skelp, to make a welded tube, the operation is entirely 
different. The long strips of steel are heated in a furnace, passed 
through a die and over a mandrel in such a manner as to roll it 
up so that its edges nearly touch. This rolled strip is then heated 


again to a welding heat and again passed through a die and over 
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a mandrel, with sufficient pressure between them to cause the 
edges to unite and make a weld. This weld inay be absolutely 
perfect and it may not. Even if perfect, the particles of steel 
forming the walls of the tube have been separated and again 
united by combined heat and pressure. Surely no one would 


144, 


claim that steel is united under any conditions as well as it is 
when melted. 

The walls of the seamless tube were united when melted. The 
walls of the welded tube require combined pressure and heat, and 
the junction is acknowledged to be more or less imperfect. The 
most perfect union is visible when examined under the micro- 
scope under conditions similar to those used to study the micro- 
structure of metal. It would seem from this that a tube cannot 
be called seamless because the joint is not visible to the naked 
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eye. Some joints united by brazing are exceedingly difficult to 
locate, but the tube is nevertheless an imperfectly jointed one and 
certainly not seamless. 

Still another way is employed to make a seamless tube. The 
ingot is rolled into the bloom, and the bloom into a round, per- 
haps 3 inches in diameter. This round is then eut into short 


Fickinger 
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lengths, say 12 inches to 15 inches. Through the centre of 
this round, a hole is then formed, perhaps by drilling cold, per- 
haps by piercing hot, by one of various methods. In any ease, 
the hole is put through the billet without interrupting the con- 
tact between the particles of the wall of the tube. The piece 
is then a seamless tube, ready to be drawn to any desired size. 
The custom-house makes a distinction in import duties be- 
tween tubing made by one of these processes and another, calling 
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one seamless and another welded or jointed. ‘The custom-house 
is rather a good judge of the proper name for things. It there- 
fore seems to me that common usage and process of manuface- 
ture draw the line very sharply between a seamless and a jointed 
tube. 

Mr. P. Fickinger.—The query, “ What constitutes a seam- 
less tube?” is of interest to me in particular. The first thought 
was that it would be a tube made from a solid billet. The con- 
clusion arrived at by my way of reasoning was that the process 
of producing a tube was not what was to be considered; it was a 
question of results only. For if the results are not satisfactory, 
and a tube after being formed shows any lineal defects when 
tested to destruction, I cannot see how it can be called a “ seam- 
less tube.” 

In piercing a billet by the rolling process there is quite a ten- 
dency to form longitudinal cracks or seams, as you will see by the 
sample of a section of a bar cut from a 6-inch round (Fig. 144). 
This bar is of the regulation railroad axle material, and was 
rolled with a two-roll device as shown in Fig. 145, the axis of 
the rolls being in parallel with the axis of the bar and in the same 
plane. 

Now, is it not plain to be seen that the principle is the same as 
in the billet-piercing machines which accomplish the results by 
the rolling motions, the only conditions lacking being the pierc- 
ing mandrel, and the axis of the rolls being changed sufficiently 
to give to the billet or bar the required feed or longitudinal 
direction ? 

Now, this is the question I would like to ask this Society: Is it 
not reasonable to suppose that in the method which has been 
described, providing all the conditions are not of the best, a 
seamed tube will be the result ? 

It is a well-known fact among mechanics familiar with the hot 
forging of metals, that what is technically known as a “cold shut” 
cannot be welded and must be cut out. 

I wish to call attention to the formation of the cinder which is 
shown in the cracks of the specimen submitted. Perhaps some of 
the members present can explain this. 

To come back to the subject, “ What constitutes a seamless 
tube?” it appears to me that the best way to dispose of this is to 
produce the tubes, test them to destruction, and, providing no 
seam or lack of uniformity is discovered, it 1s seamless. 
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If it shows any of these defects it is not, regardless of the 
method of manufacture. 
No. 806—142. 
On how small a tool does it pay to put an individual electric motor ? 


Prof. Dugald Cc. Jackson.—As a ceneral rule, the following 
statement, quoted from page 1057 of vol. 18 of the Transactions, 
fairly represents the answer to this query. It is very seldom that 
it pays to subdivide the power to a greater degree than is here 
indicated. “ All large tools or machines, such as use from five to 
seven and one-half horse-power and over, should be supplied with 
individual motors, while smaller tools or machines requiring less 
power should be grouped and driven from motor-driven shafts. 
These groups should ordinarily be arranged so that a motor of 
not less than from three to five horse-power capacity is required, 
and not more than from ten to fifteen horse-power. The group- 
ing of tools, the subdivision of power, and the manner of deliver- 
ing power of motors to driven machinery, it may here be said, is 
a matter which can be given only the most general treatment as a 
whole, as each industry includes conditions of its own which must 
be taken into the count. Observation indicates that some manu- 
facturers who are using electrical power failed to weigh carefully 
the question of its subdivision when preparing to install their 
plant, and have thereby lost much of the advantage which may 
be derived from the electrical transmission.” 

Mr. Jesse M. Smnith.—This seems to me to be a commercial 
question pure and simple—how much does it cost to put the 
motor on to the tool? Certainly after the motor is there it costs 
less power to run it by electricity than by belts. But whether 
for any particular tool it will pay to have an electric motor put 
on it, is simply a matter of dollars and cents, which must be de- 
termined, not only by the tool builder, but by the purchaser of 
the tool. The advantages of electric power in driving tools or 
machines of any kind are certainly being recognized more and more 
every day, and motors are getting cheaper and cheaper every 
day, so that after awhile the machine tool builders will build 
their own motors. Then we can get motors at reasonable prices, 
and then we will have the ideal transmission. 

Mr. Halsey.—While not looking at the matter over the stand- 
point contemplated in the query, it may be worth while to 
say that at the Baldwin Locomotive Works, where machinery 
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occupying acres and acres of floor space is driven by electric 
motors, they have a rule which forbids the use of motors of less 
than five horse-power under any circumstances. This being the 
smallest unit of power, it would naturally follow in most cases 
that small tools should be arranged in groups to consume in the 
aggregate at least this amount of power. The reason for the rule 
lies in the facet that, considered as machines, small motors are 
delicate in construction, and require a disproportionate amount 
of attention and repairs. It should always be remembered that 
the individual motor system involves a large number of small 
delicate motors to keep up, while the group system involves a 
small number of large and substantial machines, 


No. 806— 143. 
Have you any new notions on machine-shop floors ? 


Mr. Charles T. Newcomb.—1I do not know that I have any new 
notions, but my practice has been for the last seventeen years, 
for ground floors in a machine shop building steam pumps or like 
machinery, to use, for joist or floor timbers, 6 inches by 6 inches 
kyanized timbers placed 4 feet on centres, well bedded in place, 
and laid crosswise of shop so as to put plank lengthwise of shop. 
On top of the timber I put 38-inch matched spruce plank, planed 
on one side. Before the planks are laid the earth fillings under 
plank are well puddled for about 2 feet and left higher than floor 
timber, and struck off to height of floor timbers, leaving a solid 
surface under plank onto which machinery can be set without 
other foundations. It is my experience that this kind of floor will 
wear out on top in about five vears, when it will be found to be 
rotted on bottom so as to need replacing, the kyanized timber 
lasting indefinitely. 

Kyanized timber or treated lumber can now be obtained very 
readily on the market. This kind of floor costs laid 11 cents per 
square foot, and is easily replaced, and in view of the fact that 
the top of floor wears out, it is in my opinion better to use this or 
similar cheap construction and have a new floor when needed. 

For second-story floors for such work as is usually put on such 


floors, I use 3-inch matched spruce plank with paper laid over it 
to keep the dust and dirt from passing through, the top flooring 
being 14 inches thick, matched hard maple, bored and blind nailed, 
not wider than 34 inches. This kind of a floor will last many 
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years, wearing out in spots only, for instance, where the chips in 
front of drill or planer are, and wpon which the operator stands. 
The spots can be easily and cheaply patched. This kind of a 
floor costs 14 cents per square foot laid. 

Mr. Albert A, Cary.—I don’t know whether I have very much 
to say in the way of new notions about machine-shop floors, but 
I have experimented with floorings in manufactories. I had a 
good deal of trouble where there is a great deal of trucking of heavy 
machinery and rather heavy, bulky articles. There the floors 
would wear out very rapidly. So IT made up my mind to de- 
termine which was the best floor, and I laid a series of sections, 
starting with spruce, then putting in yellow pine, then taking a 
better quality of yellow pine, which I believe is known as * cone 
grey ” pine, and- afterwards maple, so that we had a chance to 
test them. Ihave forgotten the relative length of time that the 
different floors wore, but the final result was that I ripped up all 
other kinds of top-flooring course, and laid the maple floor, and I 
do not know anything that will wear any better than that. One 
thing convinced me of its splendid adaptability to a place of that 
kind where there !s a good deal of trucking. I found that a 
number of piano warehouses had adopted it in this city. They 
roll heavy pianos with small casters constantly over the floor, 
and that was the one thing they found that would not grind under 
rollers and would stand. Of course, the poorer qualities of 
maple will grind under casters, but if you get a good quality of 
rock maple you cannot get any better floor for a machine shop, I 
think. 

Mr. Durfee.—In one of the machine shops erected by me the 
lower floor we built in this way. We covered the surface of the 
vround, after it had been excavated to a proper depth, with 10 
inches of broken stone. On that broken stone we bedded some 
sills of chestnut, and then filled the space between them with broken 
stone. Those sills were flattened on their upper surfaces, and on 
them were laid 4-inch planks about 5 inches wide. Those planks 
were placed with a slight open joint, not to exceed an eighth of an 
inch, sufficient to allow air to pass down through the cracks and 
to allow water thrown upon the floor to pass away. Those planks 
were laid at an angle of 45 degrees with the traffic. I think that 
an advantage, because when you are hauling loads through the 
shop you are running at an angle to the grain of the wood. I do 
not expect to live long enough to see that floor wear out. The 
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galleries of that shop were made of spruce plank, 4 inches thick, 
and in no case over 8 inches wide, grooved for inserted tongues, 
and laid upon girders 10 feet apart. On the top of these planks 
was laid a hard-pine tloor 1{ inches thick, made of 1} stuff. It was 
not tongued and grooved. I don’t think tongued and grooved 
floors are suitable for shop floors. This hard-pine flooring was 
what was called, in that locality, rip-sawed. There were no out- 
side pieces of the log in the boards. The grain ran perpendicu- 
larly through the boards as nearly as possible. The edges were 
laid close and fastened by nails driven right through the boards, 
which were laid at an angle of 45 degrees to the plank below. 
That answered a double purpose. First, it diminished the wear 
of the floor by placing the grain of the wood at an angle of 45 
degrees to the traffic over it ; and secondly, it stiffened the build- 
ing very much, as the galleries formed an immense horizontal 
truss to resist vibration. I have had a good deal of experience 
in the floors of factories, and I have always found that where the 
floor—a top floor—was laid with tongued and grooved boards, 
the floor was practically all worn out when it was half worn 
out, so to speak. When the floor was worn down to the tongue, 
it was full of all sorts of disagreeable inequalities, and had to be 
repaired very frequently. Then that is another point in laying 
hard pine, or any other wood, unless you are careful to have the 
grain of the wood run perpendicular to its surface. In other 
words, if there are slab grains in the wood, those peel up and 
separate from the boards below. Then you have inequalities, 
arising from that cause, which are very disagreeable. 

Mr. Cary.—\ do not know that I can agree entirely with Mr. 
Durfee as to the use of non-tongued and grooved flooring for a 
top floor. I have used that. I have never used anything over 
3 inches in width, which was nailed down. When ordered, it 
was drilled to take wire nails, which were driven in just above 
the tongue so they would hook up against each other. It is well- 
seasoned wood, and nothing over 3 inches in width. I have 
known those floors to last eight or ten years, and they are not 
worn ont now, and they have had some pretty rough usage. 

There is another thing, that may be a little out of order here. 
It is not directly a machine-shop floor, but for the treads of stairs 
in factories. I saw something in Ilartford a number of years 


ago, and I have since tried it myself. There they take maple and 
make the tread of wood about, well, 1 should say an inch or an inch 
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and a quarter thick, and the ends of the boards are sawed off 
across the grain, and this is placed so as to stand that grain up 
on the tread, and that is eut up into little blocks one inch square, 
and so placed on top of the tread. It is end wood. I know of 
one flight of stairs that I have laid that way. It has been 
tramped over for a great many years. It is in splendid condition, 
and the other stairs are worn away and new treads have to be 
put in; but that seems to wear for an indefinite length of time. 

Mr. Durfee.—In the matter of treads of stairs, I saw in England 
some years ago stairs covered with thick slabs of lead. The lead 
was certainly half an inch thick, and there was a solid sensation 
in treading on those stairs which was very satisfactory indeed, 
and I was assured that the wear was as satisfactory as the feeling. 

Mr. Percy A. Sanguinett/,—I would say, from many years of 
observation, that a floor composed of maple planks, with the joints 
laid diagonally with the walls of the building, made the most 
durable covering that I know of. 

A floor so laid, made of pieces not over 6 inches wide and 1} 
inches thick, all joints tongued and grooved, showed no injurious 
wear for about five years. 

Mr. W. 7. Dallett,—The Pennsylvania Railroad in Philadelphia 
are making an experiment at the Broad Street station, and they 
are using on one of its stairs a composite tread of lead and, I think, 
cast iron; that is, the lead in grooves in the cast iron, It has 
seemed to be very satisfactory. 
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Wm, B. Upron, ANTHONY VICTORIN, 
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The City of Washington was selected by the Council, early in 
the winter, for the place of the spring meeting of 1899, by reason, 
first, of the fact that the president of the Society for the current 
year was the Engineer-in-Chief of the United States Navy, and be- 
cause at the time this decision was reached the status of the 
naval engineer had not received the consideration which made 
the passage of what has been called the Naval Personnel Bill an 
imperative neeessity. The attractions of the city itself, the date 
selected, and the attractive programme which had been prepared 
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by the efforts of the Local Committee, made the Washington 
meeting a memorable one in point of numbers and in the 
pleasant memory which it has left to all those who were privileged 
to attend it. 

The opening session of the convention took the form of a most 
enjoyable reception in the Corcoran Art Gallery, on New York 
avenue, E street and Seventeenth street, N. W., upon Tuesday 
evening, May 9th. The secretary, at the request of the Local 
Committee, introduced Col. T. A. Bingham, United States 
Engineers, who, on behalf of the Commission intrusted with the 
control of the District of Columbia, weleomed the Society to 
Washington, and referred particularly to some of the interest- 
ing features connected with the engineering of the Washington 
Monument. He referred to its foundation, the work of placing 
the cap, the elevators, and the observations which had been 
made upon a plumb line suspended in the centre of the structure. 
President George W. Melville made a brief response on behalf of 
the Society, and the informal ceremony of introduction to the 
President of the Society and Mrs. George Westinghouse pro- 
ceeded in the upper hall. The Marine Band of thirty-four pieces 
was located in the main hall, and added greatly to the pleasure 
and brilliancy of the gathering. The art treasures of the gallery, 
both in paintings and sculpture, were greatly enjoyed. This re- 
ception was permitted to the Society by the trustees of the 
Corcoran Gallery, while the Society itself and its president 
assumed the burdens of expenditure connected with the affair. 


Second WerepNESDAY Mornina, May 107TH. 


This session was made the opportunity for business connected 
with the convention. The meetings for the reading of papers 
were held in the large assembly hall of the Arlington Hotel, 
Vermont avenue and Fourteenth street, and the headquarters of 
the Society were provided in the adjoining parlor, which made an 
arrangement of particular convenience, and which gave great 
satisfaction. 

The session was called to order at 10:30, with President Mel- 
ville in the chair. The plan of registration, which had worked so 
well in previous conventions, was again carried out, and seven 
reprints from the register were issued during the convention. It 
will appear that the numbers in attendance were exceptionally 


large for a spring meeting. 


ing members in attendance : 


Albree, C. B. 
Aldrich, Wm. 8. 
Allison, Robert 
Almond, Thos. R. 
Ames, Wm. L. 
Andrews, W. J. 
Archer, E. R. 
Ashley, F. M. 
Ashworth, Daniel 
Baldwin, Stephen W. 
Baldwin, Wm. J. 
Ball, B. C. 
Bancroft, J. 8. 
Barnes, A. T. 
Barnes, W. F. 
Basford, G. M. 
Bates, A. H. 
Bates, Edw. C. 
Bates, E. P. 
Bauer, Chas. A. 
Blankenship, R. M. 
Blessing, Jas. H. 
Boenig, R. W. 
Bole, W. A. 
Bolton, R. P. 
Bond, G. M. 
Bonner, W. T. 
Bourne, 8. N. 
Boyer, Francis H. 
Brashear, J. A. 
Brill, Geo. M. 
srooks, EK. 
Brown, Alex. T. 
Bryan, Wm. H. 
Bulkley, H. W. 
Bullard, E. P. 
Burbank, L. 8. 
Butcher, Jos. J. 
Cassier, Louis 
Castle, J. S. P. 
Cheney, W. L. 
Christie, Jas. 
Cole, Winthrop 
Coleman, Geo: F. 
Colvin, F. H. 
Comly, G. N. 
Connell, J. A. 


Cooper, H. R. 
Coster, E. L. 
Cowles, W. B. 
Crain, J. J. 
Cremer, J. M. 
Darling, E. A. 
Dashiell, B. J., Jr. 
Davis, Daniel 
Deane, C. P. 
Detrick, J. 8. 
Doran, W. 8. 
Dowst, F. B. 
Drewett, W. A. 
Drysdale, W. A. 
DuBosque, F. L. 
Easby, Francis H. 
Edwards, V. E. 
Engel, L. G. 
Emerson, H. 
Fellows, E. R. 
Felton, E. C. 
Ferguson, G. R. 
Firth, Wm. EF. 
Flagg, 8. G. 
Forbes, W. D. 
Foster, Chas. E. 
Freeman, Jno. R. 
French, L. G. 
Fritz, John 


Frothingham, F. E. 


Fryer, G, G. 
Galloupe, F. E. 
Geer, G. 
Gifford, C. H. 
Gleason, Wm. 
Goodale, A. M. 
Gordon, F. W. 
Gould, W. V. 
Granger, A. 3S. 
Greenwood, P. F. 
Griffin, L. 
Grimm, P. H. 
Grohmann, C, L. 
Guest, J. J. 
Gwilliam, G, T, 
Hale, R. 8. 
Halsey, F. A. 
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The registration showed the follow- 


Hand, F. L. 
Harkness, Wm. 
Hart, F. L. 

Hartness, Jas. 
Harris, F. A. W. 
Hawkins, J. T. 
Hayward, H. 8. 
Heggem, C. O. 
Henderson, Alex. 
Henning, G. C. 

Herr, E. M. 

Hillyer, Geo. 
Higgins, C. P. 
Higgins, M. P. 
Holbrook, D. L. 
Hoxie, W. D. 

Huff, S. W. 

Hunt, Chas. W. 
Hutton, F. R., Secretary. 
Jacobs, W. 8. 
Johnson, A. E. 
Johnson, J. E., Jr. 
Jones, C, R. 

Jones, D. P. 

Jones, F. R. 

Kafer, J. C. 

Keller, E. E. 
Kellogg, J. W. 
Kempsmith, Frank 
Kendall, Jas. H. 
Kent, Wm. 

Kerr, C. V. 
King, Frank B, 
Kirkevaag, Peter. 
Knickerbacker, John 
Knight, Hervey 8. 
LaForge, F. H. 
Lane, H. M. 
Lawton, W. L. 
Leitch, Meredith, 
LeVan, W. B. 
Lewis, D. J., Jr. 
Lewis, Wilfred 
Logan, Jno. D. 
Low, F. R. 
McBride, Jas. 
McClelland, E. 8, 
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McFarland, Walter A. 
McFarland, W. M. 
McMannis, Wm. 
Mackintosh, Fred’k. 
Manning, C. H. 
Manning, G. 
Mansfield, A. K. 
Mathews, W. EF. 
Mattice, A. M. 
Meier, E. D. 
Melville, G. W., President. 
Melvin, D. N. 
Merriam, F. W. 
Merriam, IH. P. 
Mesta, Geo, 
Meyer, ©., Jr. 
Miller, E. E. 
Miller, Spencer 
Moore, C. A. 
Moore, D. G. 
Morgan, C. H. 
Morgan, T. R. 
Morton, G. L. 
Mossberg, Frank 
Muneaster, W. J. 
Nagle, A. F. 
Naylor, E. W. 
Neff, E. H. 
Newhall, J. B. 
Nicoll, C. H. 
Nichols, O. F. 
Norris, H. M. 
Noyes, Henry 
Owens, R. B. 
Parker, A. W. 
Parks, E. H. 
Paul, J. W. 
Pierce, W. TH. 
Phillips, Franklin. 
Phillips, G. H. 
Pitman, S. M. 
Porter, H. F. J. 
Porter, Chas. T. 
Pratt, C. R. 
Raynal, Alfred H. 
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Reed, G. 
Reed, W m. E. 
Reist, H. G. 


Reynolds, 
Richmond, Geo, 
Richards, F. H. 
Richmond, K. 
Richter, FE. 
Riddell, John 
Rider, T. J. 
Roberts, Wm. 
Robinson, H. B. 
Rockwood, Geo. T. 
Rogers, W. 
Rohrer, A. L. 
Roney, Wm. R. 
Ross, E. L. 
Roux, Paul 
Sabin, A. H. 
Sargent, C. F. 
Satherberg, C. H. 
Schaum, O. W. 
Schoenborn, W. E. 
Schumann, Geo. 
B. 
See, Llorace. 
Serrell, J. A. 


Seymour, Jos, W. 


Scott, Jas 


Simpson, Geo, R, 
Smith, Geo. 
Smith, Jesse M. 
Smith, Oberlin. 
Smith, S. Howard. 
Snell, H. IL. 

Spies, Albert. 
Spilsbury, FE. G. 
Stanwood, J. B. 
Stetson, G. R. 
Stiles, N. C. 
Stillman, F. 
Suplee, IH. 
Swasey, Ambrose 


Sweet, John E. 


Sparrow, I 


Swift, E. H. 

Taber, Geo. H. 

Tallman, F. G. 

Thomas, 
Tompkins, 8S. D. 
Tompkins, Stonewall 
Townsend, David 

Tribe, James 

Tyler, 

Uehling, FE. A. 

Upton, Wim. B. 

Varney, Wim. W. 

Vaux, Wm. &., Jr. 
Veeder, C. 

Victorin, Anthony 
Waldo, Leonard 

Waldron, F. A. 

Wallace, Wim. 

Ware, J. A. 

Warren, HH. 
Washburn, Wm. 8. 
Watson, Wm. 

Webster, Hosea 

Webster, Wm. R. 
Wellman, Chas. 
Whaley, W. B. Smith 
Wheeler, F. Merriam 
Wheeler, Seth 
Whitehead, G, 
Whitlock, R. HH. 

Wiley, Wm. Zreasurer. 
Williamson, Wm. C,. 
Willis, E. J. 
Williston, A. 
Willson, F. 
Wood, A. J. 
Wood, Walter 
Wood, W. 
Woolson, 1. H. 
Woolson, O. C. 
Woolson, W. D. 
Wood, F. W. 
Wright, J. K. 
Young, Wm. 8. 
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The first order of business was the Report of Tellers of Election 
concerning the members seeking to join the Society at this conven- 
tion. It was read by the secretary, as follows : 


REPORT OF TELLERS OF ELECTION. 


The undersigned were appointed a committee of the Council to 
act as tellers, under Article 14 of the Rules, to scrutinize and 
count the ballots cast for and against the candidates proposed for 
membership, in their several grades in the American Society of 
Mechanical Engineers, and seeking election before the XXXIXth 
meeting, Washington, D. C., 1899. 

They have met upon the designated day, in the office of the 
Society, and have proceeded to the discharge of their duty. They 
would certify for formal insertion in the records of the Society to 
the election of the following persons, whose names appear on the 
appended list, in their several grades. 

There were 477 votes cast on the blue ballot, of which 11 were 
thrown out because of informalities. The tellers have considered 
a ballot as informal which was not indorsed with an autographic 
signature, or where the endorsement was made by a facsimile or 
other stamp. 


H. Lorna, 


Gus. C. Hennine, Zellers of Llection. 
H. H. SurLer, | 


As MEMBERS. 


Adams, Edward T. Durand, Nelson C. Klein, Otto IT. 

Apps, Chas. H. Emerson, Harrington Kwang, Kwong Y 
Aue, Joseph EB. Ferguson, Hardy 8. Loyd, John 

Bell, Joseph M. Forstall, Alfred E. MacLaren, Maleolm N, 
Bullard, Dudley B. Geer, Herbert G. Nickel, Franz F. 
Bullard, Fdward P, Guest, Jas. J. Nichols, Wm. Wallace 
Catheart, Wm. L. Harris, Fred’k A. W. Rotter, Max 

Corbett, Wm. H. Hillman, Ceeil R. Sando, Will J. 
Crawford, David F. Hoit, Lehman B. Stearns, Chas. K, 
Cummings, Orrie P. Holbrook, Dio Lewis Vaughan, Henry H. 
Cunningham, Thos. Houghton, Chas. F. Von Goeben, Carl K, 
Daly, Michael J. John, Griffith Wood, Frank J. 


Davis, Daniel Kinne, Clarence Eb, 
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As ASSOCIATES. 


Emeny, Fred. J. Raju, Sam’l D. Yawger, Edwin 
Murray, Chas. R. Wood, Kenneth F. 


PROMOTION TO FULL MEMBERSHIP. 


Ackerman, Wm. 8. Chamberlain, Paul M. Smith, Chas. M. W. 
Bissell, Geo. W. Riker, Andrew L. Williston, Arthur L. 


PROMOTION TO ASSOCIATE MEMBERSHIP. 


Hagar, Edward McKim 


As JUNIOR MEMBERS. 


Barnay, John M. Fernald, Benj. G. Mason, Daniel A. 
Caine, William P. Grimes, Geo, L, Mixter, Geo, W. 
Castle, John S. P. Hargrave, Russell Wm. = Moyer, Sam’l L. 
Chandler, Irving A. Hammers, Morgan J. Seix, John, Jr. 
Chapin, Warren W. Ileald, Geo. W. Serrell, Wm. C. 
Colt, Sam’l G. Herbert, Fred’k D. Sethman, Geo, H. 
Cowperthwait, Allan Hitcheock, Fred’k M. Stevens, Robt. C. 
Davey, Warren Hollingsworth, Sam’l Vanderbilt, Cornelius, Jr. 
Dickerman, Wm. Carter Hopton, Lemuel R. Worden, Euclid P. 
Dow, Carl 8. Knecht. Arthur FB. Young, John Paul 
Eldred, Byron E. McCallum, Alex. C, 

Fairbanks, Geo. A. MacPherson, Jas. Day 


In view of the effort which was being made to increase the ecl- 
lections of the Society on account of dues, ete., with a view to 
making as large a purchase of bonds as possible, the Finance 
Committee had directed the preparation and publication of a 
semi-annual report. This report was as follows: 


SEMI-ANNUAL REPORT OF THE FINANCE COMMITTEE OF THE AMERICAN 
SOCIETY OF MECHANICAL ENGINEERS, NOV. 15, 1898——may 5, 1899. 


For first half of the current year, 1808-9, the Finance Com- 
mittee of the American Society of Mechanical Engineers would 
respectfully report to the Council and the Society the following 
statements of receipts and expenditures which have passed under 
their direction on behalf of the Society during the period begin- 
ning November 15, 1898, and ending May 5, 1889. 

Secretary's Balance Sheet : 

To Receipts for above men- By Cash to Treasurer....... $23,827.58 
tioned period............. $23,827.53 | 
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Itemized statement of Receipts and Expenditures of the Society 
for same period : 


Receipts. Disbursements. 
Initiation Fees............. $810.00 , Reprints and Publications... $3,773.07 
Current. $18,859.73 Postage and Express..... 1,889.52 
. Advance, 2. 10) Office Expenses............ 251.29 
Pin Badges and Certificates. 99) 50) Engraving (illustrating 
Volumes... $711.75 | ._| Binding Transactions. ...... 1,694.10 
-Pamphlets. 58.95 109.49 | Meetings 972.76 
Binding .. 4.75 Work of Committees,...... 6.20 
(Hall... $510.00) 1.567 08 Travelling 150.00 
(Rooms.. 1,057.08) Insurance and Safe Deposit. 60.00 
Life Membership........... 106,00 Rent, Interest and Taxes... . 2,634.90 
Office Expenses (Tel. Tolls). 3.80 Printing Catalogues, Cireu 
Interest on Investment (Bonds lars, 2,079.70 
595.00 Stationery Supplies......... 242.10 
Mise. Accounts (all small House Supplies and Furni 
Library (Book Purchase and 
22.50 
Lighting (gas and electric 
257.43 
Repairs to House, Furn., ete. 608.79 
Collection Charges (Out. of 
Town Checks)............ 1.03 
Interest on Investment, 
(Amount due on coupons 
| attached to bonds bought 
at time of purchase)...... 15.01 
Total Disbursements... .. $21,111.21 
Total Receipts......... $23,827.58 Excess Tieceipts over hegu- 
Cash on hand first of year... 698.65 lar Disbursements ....... 8,414.97 
Total Cash as Itemized above...............0000- $24,526.18 
Expended as Itemized above........... 21,111.21 
Excess Receipts over Regular Expenses........... $3,414.97 
Expended for Purchase of $100 Bonds bearing interest (@ 5¢........ $2,700.00 
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OUTSTANDING AND Dur THE Soctety, May 5, 1899. 


Amount outstanding and due from 464 members, exclusive of new 

members elected May 4, 1899 (24 per cent. of membership)...... $8,464.71 
Amount outstanding and due from 16 non-members for publications, 


Amount outstanding and due from 84 new members elected May 4, 99, 


Total amount due the Society this date............ $11,640.29 
264 bonds, owned by the Society, less one bond turned in for a life 
membership, which had its July, 1899, coupon cut off by former 
owner, equals 263 coupons at $2.50 each... $657.50 


* $340 of this amount is due from one society, which rents our hall by the 
year, and this amount due represents what it owes us for the remaining months 
of the current year. 


As an indication that the Society has felt the effect of the easier 
times throughout the country, it might be added that the collec- 
tions at this period last year (187-8) were $21,256.86, against 
$23,827.53 this year, a net increase of receipts this period this 
year over the same period last year of $2,570.67. 


INVESTMENT OR BOND ACCOUNT. 


Original issue of 5 per cent. interest-bearing bonds of Mechanical 


Engineers’ Library Association which expire July 1, 1900........ $52,000 
PRESENT HoLDERS OF Bonps, 
Bonds held by the Council as Trustees for the Am, 
Soc. Mech. Engineers at end of year 1897-8.....5 $23,600 
Bonds bought this year with surplus Society funds 
Bonds received this year for Life Membership and so 
Total Bonds so held by the Council as Trustees. $26,400 
Bonds bought by the Mech. Engineers’ Library Asso- 


ciation and held by the Trustees of same....... 600 
Balance bonds still outstanding in hands of members 5,000 


$32,000 


It was estimated by the Finance Committee at the first of the 
year current that there would be $3,500 available this year for 
the purchase of these bonds, and as shown above we have ex- 
pended to date $2,700 for such bonds, leaving $800 of that esti- 
mate still available for that purpose. If collections continue to be 
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as good as in the past for the balance of the current year, the 
Finance Committee hope to be able to expend more than the 
estimated sum for such bonds, and with this object in view it 
is urged that all members yet owing the Society should remit 
promptly, thus lending their aid toward this desirable end. It is 
the wish of the Council that the entire issue of these bonds should 
be acquired by the Society before the date of their expiration in 
July, 1900. 

In its presentation, the Secretary urged upon all members the 
desirability of reducing the amount outstanding and due the 
Society, by prompt attention to statements of account which were 
to be sent to those whose accounts were still open in the early 
summer. 

Under the heading of Motions and Resolutions, the Secretary 
read two letters inviting the Society to hold its spring meeting of 
1900 in the city of Cincinnati, O. One of these was from the 
Cincinnati League, and the other from the mayor of the city. 
These invitations were seconded by Messrs. Lane and Baldwin, 
and a motion was put and passed that they should be referred to 
the Council, with the request that that body should give favorable 
consideration to the invitation from the citizens and mayor. 

The professional committees of the Society were then called. 
The first was that upon the revision of the Code for Conducting 
Boiler Trials, which had been reported to the Society in 1885, and 
upon which the Committee had made provisional and tentative 
reports at the New York meeting of 1897, and again in 1898, and 
now presented with many of the suggestions incorporated, which 
had been offered in the discussions of previous meetings. The 
report, with printed discussion, was presented by Mr. Wm. Kent, 
who had been acting as Chairman of the Committee since the 
death of the late Charles E. Emery in 1898. Discussion was 
contributed by Professors Benjamin and Kerr, and by Messrs. 
Meier, Kinealy, Bryan, Hale, Suplee, and D. P. Jones. It was 
understood that the report and discussion would be referred back 
to the Committee for their consideration. 

The Committee on Standard Methods of Reporting Steam 
Engine Trials reported progress through its chairman, Mr. F. H. 
Boyer. The work had taken somewhat of an international com- 
plexion from the presence of both British and American members, 
and replies and opinions had come to the committee in large 
volume from engineers in both countries. It was hoped that the 
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preliminary report might be presented for consideration by the 
Society at the fall meeting. 

Pursuant to action taken at the New York meeting of 1898, a 
committee had been appointed to consider the advisability of 
enlisting the Junior membership in a larger share of the develop- 
ment of the Society. To this end a committee had been appointed, 
and a report from this committee was presented as follows: 


JUNIOR MEETINGS, SEASON OF 1899. 


The Junior movement to enlist a greater interest and participa- 
tion in the work of the Society has now become fairly established. 
Two monthly meetings have been held, one in March and one in 
April, the first of which was well attended and the second of 
which taxed the capacity of the hall. 

At the March meeting papers were read by Chief Engineer 
Gardiner C. Sims, of the Vu/can, repair ship of the United States 
navy, stationed with Admiral Sampson’s fleet at Guantanamo Bay 
in the late war, and by Professor Aldrich, Passed Assistant 
Engineer on the same vessel. Mr. Sims gave a detailed account 
of the loss of the Maria Teresa, and Professor Aldrich of the 
equipment and work of the Vu/ean. At the April meeting an 
illustrated paper was presented by Mr. Arthur L. Rice on the 
history of the compression and liquefaction of gases, with 
special reference to the liquefaction of air, supplemented by those 
experiments that have been so generally made public in this 
connection. 

These papers have been put in suitable shape, and are filed in 
the library of the Society. Abstracts of them have been sent to 
each member, and a few full copies provided for circulation among 
those who wish them. 

The committee that has this movement in charge consists of 
B. C. Ball, Arthur L. Rice, Perey Allan, F. E. Frothingham, and 
the Secretary of the Society, as advisory member. The commit- 
tee outlined its creation and policy in a report made at the March 
meeting, which will be found in the Junior transactions. The 
following is a partial quotation from this report : 

“We believe that this proposed movement is of much greater 
and more fundamental significance than at first sight appears. It 
is much more than a question of merely enlisting Junior partici- 
pation and interest in the work of the Society. It has to do with 
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the future of this National Society of Mechanical Engineers, 
with the education and development of young engineers through- 
out the country, and with what should be of the first interest to 
every engineer : the raising of the standard of his profession, the 
helping to put it on the high level of professional work that it 
should occupy. 

“Tt should be remembered that the body of Juniors will 
always supply the men who will represent the larger, real, Society 
in years to come, and the wider their experience and training, the 
more worthily can they do this. If the Junior members do 
not work together, do not strive to give each other all possible 
information and encouragement, and to take a more active part in 
the regular meetings of the Society, how can they expect the 
Society to continue to grow, to continue to have its transactions a 
necessary part of every engineering library, and to have those 
whose ability has put them among the Senior members honored 
in the profession? It goes without saying how such an effort will 
educate and develop us young engineers. We cannot meet regu- 
larly, read and discuss papers and exchange experiences, without 
learning something, and it will be a valuable opportunity to 
extend our acquaintance among the men we would like to know. 
And not only that, but we will enlist an outside interest never felt 
before among the younger men; can increase our membership, 
and so do better and better work ; and as our members increase 
our influence increases, and the Junior section of the Society can 
make a name for itself if it will. It is fair to say that if we do 
make a name for ourselves, and it is a good one, that the Senior 
Society will benefit as much as we.” 

As this quotation indicates, the primary object of the move- 
ment was to get the Junior members of the Society together at 
short and regular intervals, on common ground and with common 
interests, to become mutually acquainted and to exchange views, 
so that interest in the larger work of the Society will be stimu- 
lated. Though Junior participation will still be one of the first 
objects sought, the unexpected interest manifested by Juniors and 
Seniors alike makes it possible for the committee to gratify its 
desire to broaden the scope of the movement, so that attendance 
and co-operation will be sought and will be most welcome from 
all. Monthly meetings will be held during the winter (December 
excepted) on the first Tuesday of each month, at the Society 
house in New York. They will be of such nature as cireum- 
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stances seem tO warrant, the idea being to have papers and dis- 
cussions of interest and scientific worth presented. Special effort 
will be directed to making these meetings of more than local 
interest, and the committee is formulating a plan for reaching all 
distant members. To make the meetings of permanent value, 
transactions of each meeting will be kept on file in the Society 
library. These transactions will be examined by the publication 
committee with a view to having suitable papers presented by 
their authors at a regular meeting, in the regular way. 

It should be understood that this movement is the result of 
effort on the part of the Council, and that in good behavior the 
Junior committees appointed shall direct its course. 


So ready has been the response to the efforts of the committee, 
that the programme for the coming winter has already been de- 
termined upon. It was not easy for the committee to decide what 
of the proposed topics they conld afford to leave for later meet- 
ings. The following subjects were finally selected as being of live 
and immediate interest: Piping, Cast Tron vs. Cast Steel, The Gas 
Engine, Bearing Metal Alloys, and Mechanical Stokers. The Gas 
Engine would probably take the time of at least two meetings. 
Definite announcements will be made later. 

Francis E. 


Necretary Junior Committee. 


At the close, a meeting of any Juniors who might be present at 
the Washington meeting was requested. 


The President called again for any matters of business, but as 
no motions or resolutions were presented the meeting took up the 
consideration of the professional papers. The first was entitled 
“Standards for Direct-Connected Generating Sets,” and was pre- 
sented by J. B. Stanwood, of Cincinnati. In the discussion 
Messrs. Mansfield, Aldrich, Roberts and Forbes were heard, and 
at its conclusion the following resolution was put by the President, 
and as amended by the Council goes upon record in the following 
form: 

“ Resolved, That the Council be requested tocommunicate with the American 
Institute of Electrical Engineers to ascertain if that institute will agree to 
appoint a committee to co-operate with a similar committee, to be appointed by 


the American Society of Mechanical Engineers, to consider and report upon 


a standard series of capacities, speeds, and necessary dimensions for electrical 


generators for direct connection to steam engines. And, furthermore, 
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= Re solve d, That if il favorable response be receive d, the Pre sident be re- 
quested, with the concurrence of the Council, to appoint a committee of five to 
co-operate with the committee to be appointed by the American Institute of 


Electrical Engineers, for the purpose herein set forth.” 


It may be added that the President subsequently appointed, 
under favorable action by the Council, this committe: , to consist 
of Messrs. James B. Stanwood, W. D. Forbes, I’. H. Ball, W. M. 
McFarland, and A. L. Rohrer. 

The other papers of the morning were those by Messrs. Hale 
on “ Boiler and Furnace Efficiency,” and FI. L. Emory on “ Test 
of a Steam Separator,” in whose discussion Messrs. Roney, Meier, 
Kent, and Boyer took part. 

The President, before adjournment, read Article 31 of the Rules, 
in which he was direeted to appoint a committee to nominate 
officers of the Society for the ensuing year. This committee is 
to report in advance of the annual meeting. It was made to con- 
sist of Messrs. 


Charles Wallace Hunt, Chairman. ... New York City. 
George HL. Smith ........... ...Providence, R. I 

Walter McFarland... ...Pittsburg, Pa. 


The President directed attention to the etfort which had been 
made to distribute widely the membership of the committee 


among different sections, and on motion the meeting adjourned 
until the evening. 


It had been the purpose of the Committee of Arrangements 
that on the afternoon of Wednesday the Society should be re- 
ceived by the President of the United States, Mr. William 
McKinley, in the Executive Mansion, after the hour at which 
this is open to the general public. By reason of the necessity 
imposed upon the President to secure rest and reeuperation at 
the Virginia Ilot Springs, the Society was compelled to forego the 


anticipated pleasure of a personal greeting. The White House, 
however, was open to the visitors, under the guidance of Col. T, 
A. Bingham, in charge of the public buildings, and an opportunity 
was given to visit the rooms which are usually not open to a visit- 
ing public. The conservatories were particularly enjoyed. Oppor- 
tunity was taken on this afternoon for the taking of a group 
photograph upon the steps of the State, War, and Navy Building. 
After the completion of the visit to the White House, the party 
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took trolley cars for a visit to the Heights of Arlington and the 
Soldiers’ Cemetery. 


Turrp SEssion. WepNespay Eveninc, May 


The professional papers of the Wednesday evening session 
were as follows: ‘“ Relation Between Initial Tension and Power 
Transmittal by a Belt,’ by F. L. Emory; * Experiments on 
Various Types of Fire Hydrants,” by C. L. Newcomb; “ Ex- 
periences with Deep-Well Pumping Rods,” by G. W. Bissell ; 
*“ Pipe Flanges and Their Bolts,” by A. F. Nagle; “ Manufacture 
of Car Wheels,” by Geo. R. Henderson. In the discussion of 
the evening Messrs. Aldrich, F. R. Jones, McFarland, Lewis, 
Hutton, Kerr, Boyer, Halsey, Bolton, McBride, Kent, Suplee, 
J. E. Johnson, Jr., Melville, Rockwood, Hawkins, Meyer, Hig- 


5 
gins, and Ashley took part. 


Fourru Session. ‘l'HurspAyY Morvyina, May 


The papers of the morning were as follows: ‘f The Equipment 
of Tall Office Buildings in New York City,” by R. P. Bolton ; 
“Rolling Mill Fly-Wheels,” by John Fritz. The latter was moved 
forward from its previously assigned place, and displaced the regu- 
lar papers of the morning. In the discussion on the tall buildings 
and the fly-wheel the participants were Messrs. Rockwood, Bryan, 
Ashley, Roberts, Kerr, Kent, Oberlin Smith, Henning, McBride, 
Lewis, Stanwood, F. R. Jones, Boyer, Brashear, Halsey, Comly, 
and Hawkins. Mr. Fritz was also persuaded to add his remarks 
to the discussion on Mr. Nagle’s paper on pipe joints, at the close 
of this session. So much time had been consumed, however, 
that it was made necessary to move forward the discussion on 
power plants for large buildings or groups of buildings until 
Friday morning. 


On the afternoon of Thursday the party, by invitation, visited 
the big gun factory of the Navy Yard and the buildings attach- 
ing to the Ordnance Museum, but special interest centered around 
the experimental model tank which had recently been completed. 
The visitors were permitted to inspect in detail the bridge and its 
motor machinery, the dynamometer appliances and their record- 
ing attachments, and the provisions for the safety arrest of the 
moving bridge at high speed. They were also escorted to the 
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shop where the models were made, and were shown the special 
machinery used in reduplicating the lines. After the visit was 
completed, those who desired were conducted by the cars of the 
traction company, without charge, to the other end of the city for 
a visit to the power-louse of the company. 

In the evening the visiting members and their ladies were the 
euests of Mrs. George Westinghouse, in the Blaine mansion on 
Dupont Circle. A great number of representative residents of 
Washington, both in its political and official circles, had been in- 
vited to meet the Society, and to furnish accommodation an extra 
structure had been ecrected to form a ball-room at the rear of the 
house. A second orchestra was established in this ball-room for 
the enjoyment of those who were out of hearing of the principal 
orchestra upon the landing of the stairs. It was a pleasure to 
see and greet persons whose names had become familiar by rea- 
son of their achievements during the recent war. The orchids 
and the decorations were upon a scale of beauty that will long be 
remembered. 


Session. Frrpay Mornina. 127H. 


This session was called at an earlier hour than usual, by reason 
of the disturbance in the programme which had been caused by 
the discussion of fly-wheels on the previous day. The papers of 
the morning covered the following: Storm Bull, * Central Heat- 
ing Plant of the University of Wisconsin” ; FE. A. Darling, * The 
Power Plant of a University”; G.I Alden, * The Plunger Eleva- 
tor”; C.K. Pratt, “ Elevators”; C. H. Quereau, “ The Allen Valve 
for Locomotives ”; F. W. Gordon, “ A New System of Valve for 
Steam Engines, Air Engines and Compressors.” The partici- 
pants in debate were Messrs. Bolton, Bryan, Kent, F. R. Jones, 
Robinson, Aldrich, Boyer, Rogers, Oberlin Smith, Wm. J. Bald- 
win, P. H. Grimm, Le Van, and Woolson. 

At the close of the papers the concluding business of the con- 
vention came in order, and the consideration of motions and reso- 
lutions. The Secretary read from the Council minutes the fol- 
lowing resolutions : 

Resolved, That the Association, as a body and through its individual members, 
urge upon Congress the necessity of relieving the present overcrowded condi- 
tion of the Patent Office, and providing sufficient room, force, and facilities for 
the prompt and proper execution of its work. 

Resolved, That we further urge that the records of the office, which so largely 
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constitute the legal evidence of title of so many of the large manufacturing 
industries of this country, should be more safely stored, and that ample appro- 
priations be made for providing incombustible receptacles for the records. 

Resolved, That we especially urge that the library of the Patent Office, upon 
which the efficiency and accuracy of the work of the bureau depend, shall have 
such ample appropriation for its extension in its special field, and for keeping it 
fully abreast of the progress in the mechanical and manufacturing arts of the 
day. 

Resolved, That this Association urge the necessity of giving to the Patent Office 
the use of the entire building in which it is now located, and that the moneys 
paid into the Patent Oflice by inventors be applied so far as necessary to the uses 
of the office. 


Mr. Hunt rose to second action upon these resolutions, and 
spoke as follows: 

Mr. C. W. Hunt.—In rising to present motions urging the action 
of the Society upon these resolutions, [ would eall the attention 
of the Society to the fact that this Government has two sources of 
income: one is that which comes from taxation, direct and indi- 
rect, and the other is the income from its Patent Office. The first 
resolution I will offer is : 

Resolved, That the American Society of Mechanical Engineers hereby approve 
and confirm the action of the Council of the Society in urging Congress to pass 
such laws and make such provis.ons as will enable the Patent Office to dispatch 


the business of the bureau in an effective and accurate manner. 


The second resolution is: 


Resolved, That we recommend that our individual members be requested to 
bring the wisdom and justice of the action proposed to the personal attention of 
our public officers as the way opens to them. 


Mr. Ashworth.—I move the adoption of the resolutions. 

The motion was earried. 

The Secretary then called the attention of the meeting to the 
precedent which had seemed to work well at previous mectings, 
whereby the Council should appoint a committee of members to 
draft the resolutions of thanks, whereby the deliberative body 
should put on record its appreciation of the courtesies extended 
to them during their visit in the convention city. He held in 
hand the report of such a committee in the form of a series of 
resolutions which were read, seconded, and enthusiastically 
adopted. They carried with them the instructions to transmit 
them to those interested. The resolutions were as follows : 


The members of the American Society of Mechanical Engineers, at the close 
of this most successful Washington meeting, desire to put on record their sincere 
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appreciation of the courtesies received at the hands of the Board of Trustees of 
the Corcoran Art Gallery. The opening reception in the spacious halls of that 
structure was an earnest of the brilliancy and success which was to attach to a 
memorable meeting of the Society. 

In this connection the Society wants to say to Col. T. A. Bingham, United 
States Engineers, that his address of weleome on that evening formed a fitting 
prelude to the generous courtesy with which the City of Washington has re 
ceived the visiting engineers 

Resolved, That while it is sometimes desirable that the left hand of a Society 
should not know what its right hand is doing, yet the Society has learned with 
prideand pleasure that to its honored President, Rear-Admiral George W. Mel 
ville, Engineer-in-Chief, U. S. N., the Society owes a debt of pleasure for his 
share in making that evening brilliant and successful, 

It is not always easy to return thenks to vourself, but the President will under- 
stand what the Society would like to say, now that it has a chance to do so. 

Resolved, That the thanks of the Society are due to the Curator of the Gallery, 
Dr. F. S. Barbarin, for his admirable arrangements for the comfort of — the 
visitors, and for the most delightful way in which his responsible duties have 
been discharged. 

Resolved, That the sincere thanks of the American Society of Mechanical 
Engineers are due and extended to President William McKinley, and to his 
efficient aidesin charge of the Executive Mansion, for the invitation to visit the 
White House under such favorable circumstances. The Society can only express 
its keen regret and sympathy that the occasion of the President's absence from 
the city for the sake of his health should lave had to be the reason which has 
prevented the members and their ladies from greeting the President in person on 
the occasion of this reception. They express the hope that the rest will bring a 
speedy return to health and strength for the responsible duties of the presidential 
office. 

The formal mould ef preamble and resolution, whereby a deliberative body 
tries to put on record the feelings which animate the individual members of that 
body, is an unsatisfactory vehicle when adepth of appreciation and a warmth of 
recognition are to be conveyed such as animate the Society of Mechanical Engin 
cers in its memory of the reception Thursday evening, May 11th, tendered to the 
Society by Mr. and Mrs. George Westinghouse, of Washington. 

The engineers are themselves familiar with what it means to arrange under 

tkings which involve immense detail, and for this reason are the more apprecia- 
ve of the result when thgy see successful planning by others, and when that 
lanning is for them. The beauty of the Blaine mansion and its treasures would 
ave been a pleasure in themselves, but the decorations and the art evinced in 
he special construction planned by Mr. and Mrs. Westinghouse, together with 
he most admirable arrangements for the handling of an unusual number of 
isitors, will form a pleasant memory of our Washington meeting which it will 
ake long to dim. 

The Society appreciates, also, the opportunity of meeting under such favorable 
ircumstances so great a proportion of the delightful citizenship of the Federal 
apital, and the opportunity of taking by the hand many whose names belong to 
he history of our country in the closing years of the century. 

The Society request, therefore, that in the following action their host and 

hostess will read between the lines a warmth of real feeling which is inade- 


juately conveyed in the following resolutions ; 


460 PROCEEDINGS OF THE 


Resolved, That the Society of Mechanical Engineers instruct its Council to 
convey to Mr. and Mrs. Westinghouse, by a persenal expression, the thanks of 
the Society for their reception during the Washington meeting. 

Resolved, That the Secretary be directed to have these resolutions engrossed in 
proper form for transmittal to Mr. and Mrs, Westinchouse. together with a proper 
letter accompanying them, 

Resolved, That the American society of Mechanical Engineers has appreciated 
most heartily the opportunity whieh was extended to it on Thursday afternoon to 
visit the Navy Yard and its varied interests. They would ask that their thanks 
may be coupled with a special expression of recognition to Commandant A. IL. 
MeCormick, of the Navy Yard, and to Admiral Charles O'Neil, of the Ordnance 
Department. They would also « xpress to Naval Constructor David W Taylor a 
most appreciative word for the exhibition of the technical details of the experi 
mental model tank and its accessories. and for his own courtesy and assiduity in 
his attention to the visiting members. 

The American Society of Mechanical Engineers desires to express its recogni 
tion of the special courtesy extended to the members with respect to opportunities 
for a visit, under such favorable circumstances, to the Washington Monument. 

They recognize the kind hand of their friend, Col. T. A. Bingham, in charee 
of publie buildings and erounds, in the admirable arrangements which have been 
made for the pleasure of the visitors during their stay. 

Resolved, That the Society of Mechanical Engineers, upon the adjournment of 
this Washington meeting, desire to express to Chief Engineer George W. Baird 
U.S. N., their sincere thanks for the arrangements whieh he has made for visits 
by the members to the State, War. and Navy Building, for the providing of 
guides and other facilities. It is impossible in this resolution to inelude in detail 
all the courtesies which have been enjoyed by the members individually at the 
hands of individual representatives of these departments. The best that the 
Society can do is to ask that any failure of theirs to give special and personal 
recognition means that they have received so much of kind service that it has 
become impracticable to give anything like adequate expression of thanks. 

The American Society of Mechanical Engineers desires to thank Mr. Franklin 
W. Smith, Curator of the Halls of the Ancients. for the special courtesies and 
facilities extended to our members and their ladies on their visits to these inter 
esting exhibits. 

The thanks of the American society of Mechanical Engineers are extended to 
the authorities of the Library of Congress, and particularly to Mr. Bernard R, 
Green, Superintendent, for courtesies enjoyed during their stay in Washington. 

There is, perhaps, no department of the governmental service in which the 
manufacturers and mechanical engineers of America feel a keener interest, or 
whose importance they recognize more fully, than that of the U.S. Patent Office 
In this view they want to extend to Charles HU. Duell, Commissioner, and the 
Assistant Commissioner, Arthur P. Greeley, and their assistants, their thanks 
for the courtesies in connection with the visits which have been paid to the 
Patent Office by members of the Society. It is the hope of the body that as the 
result of better knowledge of the limitations under which the Patent Office is 
struggling to do its great work, some action may be taken which will secure the 
U.S. Patent Office some recognition and increased facilities for the work upon 
which. it is engaged. 


Resolved, That the American Society of Mechanical Engineers desire to express 
to Prof. C. F. Marvin, : nd all other officials of the U. S. Weather Bureau, th 
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thanks for the complete arrangements made by that bureau for the visits of 
(hose interested in its manifold duties. 

The American Society of Mechanical Engineers, on the adjournment of its 
Washington meeting, desires to put on record its hearty thanks to Prof. Henry 
3. Pritchett, Superintendent of the U, 8. Coast and Geodetic Survey Office, and 
to those connected with it, for their courtesy and arrangements in their behalf. 

Resolved, That the thanks of the Society are due and extended to Prof, Wil- 
liam Harkness and to his competent aides in charge of the U. 8. Naval Observa- 
tory for complete arrangements for the pleasure of those who had the oppor- 
tunity to visit this distinguished centre from which radiate lines of interest all 
over the country, having a most important technical bearing 


Resolved, That the American Society of Mechanical Engineers desires to thank 


| Mr. George M. Bowers, Commissioner of Fish and Fisheries, for the special 
opportunity to visit the aquarium and other display, showing the important 
work upon which they are engaged. Their thanks are due in particular to Past 
Assistant Engineer F. S. Bowers, U. 8S. N., who was so courteous to those visit- 
ing this installation, 

The American Society of Mechanical Engineers take occasion to express to 
Mr. Walter Ashfield McFarland, and the other officials connected with the 
Washington Water Works their thanks for the courtesies of their invitation to 
visit its interesting plant, and for the attentions which have been paid to those 
of the members who have been able to accept the invitation. 

Resolved, That the American Society of Mechanical Engineers extends to 
F. W. Palmer, Public Printer, and to his associates in the Government Printing 
Office, its sincere thanks for the cordial invitation to visit the power plant of that 
office, upon the occasion of its recent meeting. 

This invitation is appreciated none the less by reason of the fact that the pressure 
of other engagements has prevented any considerable number from availing of it. 

Resolved, That the thanks of the American Society of Mechanical Engineers 
are extended to Dr. E. M. Gallaudet for his courteous invitation to the visiting 
members to witness the exercises of the College for the Deaf. The members 
regret that the pressure of other opportunities upon their limited time during 
the Washington visit has made it impossible to avail to any extent of many of 
the opportunities which have been put within their reach, 

To the Presidents and officials of the street railroad companies of Washington 
the Society of Mechanical Engineers wish to express their sincere thanks for 
the courtesy of a free transportation and special arrangements for their comfort, 
and for the privilege of a most interesting visit to their respective power stations 
during the time of their stay, 

The American Society of Mechanical Engineers desires to express to the Board 
of Governors of the Army and Navy Club, and to W. If. H. Southerland, See- 
retary, its sincere thanks for the privileges of the club extended to members 
during the period of the session of the Society in Washington. 

It has been a feature of this meeting that the opportunities which Washington 
has placed within the reach of members of the Society have been so numerous 
that it has not been practicable to avail of many considerable attractions. 

To the Board of Governors of the Cosmos Club the American Society of Me- 
chanical Engineers desires to extend a most appreciative vote of thanks for their 
action in extending to the visitors in Washington the courtesies of the club 
house during the days of their stay. 


The many attractions of the city have filled so full the time which the visitors 
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could spare from their professional sessions that it has been possible for a limited 
number only to avail of the privileges which had been so courteously extended, 

To Major Richard Sylvester, Chief of Police of the Washington Police Force, 
the American Society of Mechanical Fagineers extends its hearty appreciation 
for the admirable police arrangements which have added so much to the smooth 
working of the Washington meeting of the visiting engineers. 

Among the special and individual courtesies which Washington alone could 
render to the visiting body is the opportunity for the visit to the art treasures 
which have been gathered together in this central city. The members and their 
ladies who have enjoyed the privilege of visiting the gallery of Mr. Thos. F 
Waggaman desire to express to him their sincere and appreciative thanks for the 
pleasure he wave them by his kind interest. 

The American Society of Mechanical Engineers desires to thank the Local and 
Executive Committees for their thoughtful methods and able, untiring efforts, 
which could not but compel suceess and have resulted in making this conven 
tion, the largest ever held, a most memorable occasion in our history. 

The perfection of their arrangements, the judicious distribution of the time 
between business meetings, excursions to points replete with interest to engineers 
and patriots alike, and social gatherings warm with true Southern hospitality, 
made our stay one round of enjoyment, in which it were difficult to tell whether 
profit or pleasure predominated, 

The American Society of Mechanical Engineers desires to thank the Commit- 
tee of Ladies for the bright weleome extended to our wives and daughters, and 
the charming manner in which their duties as guides were performed, adding a 
living interest to the archeological, historical, scientifie, and artistic collections 


for which their beautiful city is famed. 


In acknowledging the resolution, on behalf of the Local Com- 
mittee its chairman spoke as follows: 

Mr. Frank B. King.—In acknowledging the Society’s vote of 
thanks, as chairman of the Executive Committee there is one 
thought which, I believe, all the resident members desire to leave 
with you. 

Before the name of Washington was firmly fastened upon this 
capital it was widely known throughout the States as “ The 
Federal City.” There was a significance to our grandfathers in 
that name which we have in a measure lost, and we must regret 
that it should be so. Washington has suffered from nothing so 
much as the unwillingness of the population at large to recognize 
in it the Capital of a great country. Our City Council is the 
Congress of the United States, but each incoming Congressman 
has to undergo years of training before he understands that he 
has obligations in this respect. Indeed, he is more apt to regard 
the District of Columbia as an experimental station, where 1]! 
things of doubtful utility may be tested before they are applied (0 
his precious constituency. 
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T doubt whether a majority of our visitors, though they fairly 
represent the thinking class of the population, have ever given 
this matter attention, and I would ask you, in leaving us, to spread 
this thought; and to move many of your associates in the circles 
in which you are, as a rule, so influentially connected, to come 
frequently to Washington, to glory in its development, and in a 
truly national spirit direct its growth. 

Washington and the Society ean help each other much. There 
are the strongest reasons why our conventions should be held 
here at stated intervals, and be looked forward to as regularly 
as those in New York. They might be three years apart; they 
might be four or five years, but they should not be twelve years. 
The idea of periodicity must not be lost, and no Washington 
meeting should be set aside, except for a World’s Fair, or some 
supreme professional attraction. We have shown you that no 
other city can bring out such an overwhelming gathering of our 
members, and that must always be one of the main objects of 
our conventions. 

I would entwine, if possible, yet more closely the success of the 
Society and the progress of the nation, and as a nation’s 
progress finds its idealization in the complexion of its capital, 
Washington should be the object of your frequent pilgrimage and 
sincere solicitude. 

I hope, then, that our convention here does but inaugurate an 
endless series of more and more brilliant occasions, and that 
long after we are gathered to our fathers the Society shall still 
be holding its periodical conventions in this then resplendent 
city, “ the eternal Capital of an eternal Nation.” 


The President thereupon announced that a motion to adjourn 
would be in order, which was made, put, and carried. 


The closing official event of the convention programme was 
the exeursion of the Society by steamer to Mount Vernon and 
the tomb of Washington. This was set for the afternoon of 
lriday. Pursuant to the policy on which the Society aims to 
conduct its meetings, the tickets for this boat trip were pur- 
chased by the members, an addition of a few cents being made 
to the price of each ticket by the Local Committee, in order that 
a wreath might be presented by the Society on the occasion of 
its visit to the tomb, and laid with fitting ceremony as a mark 
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of respect from the Society. Appropriate remarks were made 
by ex-President C. W. Hunt at the grave of Washington, and 
the wreath was attached to the grating. Members then visited 
the historic mansion and its collections, and returned by boat to 
the city. 

An interesting feature of the visit of the Society to Mount 
Vernon took the form of an aftermath on the morning of Satur- 
day, May 13th. Mr. A. H. Raynal, Secretary of the Committee 
of Arrangements, planted a fine white oak sapling near the tomb, 
in the name of the Society, as a memorial of their visi’. The 
ceremony was performed in an appropriate and dignified manner, 
in the presence of the custodian of the grounds, Mr. Harrison 
Howell Dodge, and of Mrs. Mitchell, who acted as sponsor. 
Mrs. Mitchell is the granddaugh’‘er of the Dean of the Regents. 
The tree will be one of a row of memorial trees on the drive- 
way that leads from the tomb to the mans‘on. It is numbered six, 
on the left-hand side of the driveway, about 1060 feet from the 
tomb. The Board of Regents of the Mount Vernon Association 
were in session at the mansion, and expressed the thanks of the 
Association to the Society for the handsome floral tribute, and 
the tree thus passed into the responsible possession of the 
authorities. 


In the evening, as well as on the evening of Wednesday, the 
Washington Monument was made a special feature for the inter- 
est of the members. Col. T. A. Bingham and his representatives 
were present to explain {o visitors the features of interest visible 
from the top of the monument Later, also, under the compe- 
tent guidance of Mr. Bernard R. Green, Superintendent of the 
Congressional Library, the members were privileged to visit the 
ligh ing and ventilating machinery of that beautiful building, 
as well as the mechanical arrangements for conveying books 
from the library to the committee rooms at the cap tol, and the 
distributing system in the library itself. The visit to the read- 
ing room, and the explana ion of 1s adminis ration, were made to 
the members after the general public had been dismissed from 
it by the close of the reading hours, so that the visi‘ors had full 
opportunity to see all that they desired without interference 

Besides what has been mentioned in the regular schedule, 
there was much of individual and semi-personal attention ex 
tended to the Society, of which the resolutions of thanks make 
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mention, but which were not a feature of the official programme. 
Special mention might be made of the courtesies of the im- 
portant clubs, the Waggaman Gallery, the Hall of the Ancients, 
ete. 

The suggestion made by Mr. King met with a certain emphasis 
of general approval, that the policy of holding meetings period- 
ically in the national capital would be one which would not 
only be very agreeable to the members but would also be of 
advantage to the profession and to the city of Washington, as 
well as emphasizing the distinctly national character of the 
organization. The question will be brought up and considered 


in the Council. 
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DCCCVIII.* 


RELATION BETWEEN THE INITIAL TENSION AND 
POWER TRANSMITTED BY A BELT. 
BY F. L. EMORY, MORGANTOWN, W. VA. 


(Member of the Society.) 


By an examination of the diagram (Fig. 146) it would appear 
that the tension on the belt decreases gradually along the are 
EBD from the value 7 at to 7, at VY. Let it be 7 at 2 and 


T+dT at C. The portion C7? of the belt, when the latter is 
at the point of slipping, is then under the action of the forces 


d6\ 


T+dT 
F-L.Emory 


Fie. 146. 


T,, T + dT, and of the reaction ; therefore the reaction must 
pass through the intersection of the components and makes an 
angle with the radius equal to the coefficient of friction. Re- 
solving these forces along 7’ and at right angles to it, and we 
have dReosy=(T+dT)sindé = 
(T + dT) dé, and, if along and at right angles to 7’ + d7’,, then 
dRsin p=dT, dReos p= dividing, and tan = 


‘yy 


= 4, and, integrating, log = 


( 
T 
=o, or 7, = Tie", and... — T, = T, — 1). 


since tan gy = w, then 


* Presented at the Washington meeting (May, 1899) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the Transactions. 
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To pind the initial tension on a belt when still, in order to 
transmit or develop a certain work when running.—It is evi- 
dent that the total pull tending to shorten the distance be- 
tween the shafts, or the total stress along the line of centres of 


\ 
/ 
T, 
( 
T, 
P.L.Emory 
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shafts, is the same when running as when still, and the only 
change is in the difference in tension between the two sides. If 
this be true, and 7; and 7’, be the tensions at a given speed to 
develop a certain horse-power, and if, further, 7';' and 7’,' be 
the tensions when at rest, then evidently 7)! + 7.'= 7, + 7, 


ye 
A 
= 
>, 
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(Fig. 147). Now, neglecting the friction on the bearings in the 
discussion, the tension on the two sides of the belt when still 1s 


the same, or 7;'= 7; = T, + T, or Tj = — 


Now, since by previous formula 7; = 7\e** by adding 7) to both 
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(#? + 1); again from previous formula, /; = 
eh ? (ene | ) 


To use this formula, then, 


T, — + 1 + 1) 
T, — T,~ 
Since 7, — 7, is the pull which does work of rotation, then the 
initial tension is given in terms of the pull necessary for the 
work, and the coefficient of friction and are of contact. When 
the are of contact is greater than 7 on one wheel, it is necessarily 
less on the other, for straight belts. 

Graphical [lustration of the Use of this Formula.—lf we now 
substitute in the above various values for « and 4 in 7 measure, 


1 


we obtain various values for the ratio r ih thus 


1 


\ 
\ \ \ 
| 


Radians | 5936 


= 6.1 4.8 
7’; 

| | .212 


Radians. 


| 
Degrees. 


4 in 

5236 is. 

fadians 
7," | 5 2 . 


tadians. | 


Degrees. 


Fig. 149.—LEATHER ON TRON, WET 


in 


> | 9236 
Radians. 
3.56 
7 
in 1TS5 
Radians, 
f it | 
30 45 


Degrees. 


in 
> . 5236 
Radians. 
| 
3.57 2.31 
— 7, 
“6 in | 
.283 44 
Radians. 
fin 


Degrees. 


Fie. 149.—LEATHER 


1.047 


282 


60 


1.047 


1.047 


60 


1.047 


Fig. 148.—For LEATHER ON Woop, 


90 


Woop, Dry 


O96 


90 


1.57 
1.82 
565 


90 


on Tron, Dry. 


WET. 


(FoR 


(For 


(For = 


2.355 


91 


RELATION BETWEEN THE TENSION AND POWER OF BELTS. 


(For 


3.1416 


180 


180 


) 


469 


3.9245 


1.038 


3.9245 


1 57 2.355 — 
3.5 2.48 1.6 1.25 
| 424 1.057 
Fie. 148.—For LEATHER oN 3s) 
- 4 
- 
| 1.57 9.355 3.1416 | 3.9245 
2.55 1.7 1.2 709 
199 298 3978 804 | 1.192 1.491 
30 45 60 = 135 = 295 g 
— | 
2.355 | 3.1416| 
| : 
| 2.67 1.25 97 8 
2) .848 1.13 1.413 
= = 135 = 295° if 
| | 
1.85 1.213 = 7 624 
DAG 1.32 1.76 2.198 
45 60° 90 135 180 995° 
— | | | | | 


470 RELATION BETWEEN THE TENSION AND POWER OF BELTS. 


To use the curve : 
Probl m—Find the initial tension on a belt to transmit 50 
horse-power if the belt speed is 4,000 feet per minute. Since 


Fp F x 4000 ,, 
ke , then 50 = Ff = 412.5 ; that is, the force 
performing the work is /, and this corresponds to 7; — 7), or 


7, — 7,= 412.5 pounds. Now, if from the drawing showing 
distances between pulleys and sizes of pulleys it is found by the 
protractor or otherwise that the are of contact is, say, 155 degrees, 
then for leather on wood, using the coefficient of friction of .38, 
we find the ordinate corresponding to the point on the curve 
having an abeissa of 155 is 1.1, about ; then a l.1, and, 
substituting the value of 7,— 7, from above, and = 77! 
(7, — 7.) 1A = (412.5) (1.1) = 458 pounds; therefore the initial 
tension should be 455 pounds. 

The values of here taken are the limiting values for dry or 
wet condition, and evidently the curves with values between the 
ones figured would be parallel to, or, in other words, lie between 
these drawn, and for values different from those given one may 


by interpolation select values for , to suit his judgment. 


/ 


DISCUSSION, 


Mr. Wilfred Li WIS, When the are of contact, and the 
coefficient of friction, #, are given, it has been shown by Ran 
kine & Weisbach, and again in the paper now under discussion, 
that the ratio of the tensions Z =”? Put the ratio of the ten 


7; 


sions as thus expressed Is really a limit not to be exceeded for the 


assumed values of # and 4, and as a matter of fact 7 may have 


any value less than ¢*? for which a new value of se might be cal- 
culated. It may, however, be questioned whether the whole are 


of contact, 4, is in every case called into action as a driving sur- 
face. In some part of the are of contact the belt tension neces- 
sarily changes from 7) to 7) or from 7; to 73, and in making this 
change the belt must lengthen or contract, and consequently slip 
upon the pulley surface. When the percentage of slip is greater 
than the percentage of elongation in the belt due to the change 
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of tension, the whole are of contact is necessarily engaged in the 
work of driving, but when these percentages are equal, as they 
should be to avoid unnecessary loss of power, the are of contact 
may or may not be wholly enga 


ged in driving, and a value of ys 


The coefficient of friction, 4, is therefore a very elusive quantity, 


determined from 4, and the ratio might be misleadine. 


and experiments have shown it to depend more upon the actual 

velocity of sliding than upon the percentage of slip, so that a beit 

may be quite efficient at full speed, and vet utterly fail under the 

same load at slow speed. Examples of this are not hard to find 

in practice, and T may say this was one of the unexplained facts 

that led William Sellers & Co. to make their experiments on the 

transmission of power by belting. The correctness of the well- 

known formula believe, be questioned not 
much on account of increasing and excessive amounts of slip, as 

suggested at the previous meeting by Professor Aldrich, as on 

account of the variable rate of sliding due to the normal extension 

or contraction only of the belt upon the pulley surface in trans- 

mitting power, Excessive slip tends to make the rate of slip 
more nearly uniform over the whole are of contact, and therefore 

it would seem to sustain the assumption of a uniform coefficient 

of friction at any given instant. On the other hand, if the belt 

does not slip over the whole are of contact, the velocity of sliding 
must vary from nothing, at some point in the are, to a maximum 
indicated by the percentage of elongation times the belt speed. 
This variable velocity of sliding cannot fail to produce corre- 
sponding changes in the coefficient of friction which vitiate to 
some extent the correctness of the formula in question. 

But, whatever the coefficient of friction may be, it has been 
shown by the Sellers and other experiments that under normal 
working conditions the relation 7, = 37, may be safely realized 
in practice. The belt is then neither too tight to waste power In 
excessive journal friction, nor too loose to drive properly without . 
danger of excessive slip, and a reasonable margin of safety 1s 
assured for atmospheric changes affecting the tensions and the 
surface condition. For this relation of the tensions we have 
+ = and, neglecting the well-known increase in the 
sum of the tensions when driving, the initial tensions 7‘! = 7;' 


would appear to be $7), or in terms of the working tension 


4 
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7, — T, = 47, we have = — 7, (1). This very simple rule, 
to make the initial tension equal to the working load, may be 
applied to belts at moderate speeds with the comfortable assur- 
ance that some margin is provided for the stretching and loosen- 
ing that is sure to follow, nor is it necessary to know exactly 
the angle, 4, if it approximates 180 degrees, as is generally the 
case. 

But there is another important consideration which applies par- 
ticularly to high speeds, and remains unnoticed in the paper under 
discussion. 

The effect of centrifugal force upon the active tension of a belt 
is well known, and may be expressed by the equation 7’= .013 V*, 
in which 7 = centrifugal tension in pounds per square inch, and 
V = velocity of belt in feet per second, and if we let 7! 7, and 
7, also express tensions per square inch of belt section we should, 
to allow for centrifugal force, make 7)! = (7, 7) + 7 (2). In 
the example taken by Mr. Emory of a belt running 4,000 feet a 
minute, we have 7’ = 57.8 pounds, and if his belt section is as- 
sumed to be 2 square inches, clearly 115.6 pounds should be added 
to his result. 

The important influence of centrifugal force upon the power 
transinitted by a belt was elucidated in one of the earliest papers 
read before this Society,* to which reference has been frequently 
made, but the initial tension to which belts should be laced in 
practice has not, I believe, been very clearly formulated. 

It should always be somewhat more than just enough, for 
which equation (2) is a free expression to avoid the necessity for 
frequent tightening, and for those who are willing to accept this 
equation as a satisfactory approximation another relation may 
vet be drawn. 

In another form, equation (2) may be written 7)' = 47, + 7'(3), 
and in the proper use of belting 7; should have a limiting value 
as a safeguard against undue stretching and rapid deterioration, 
At the same time the initial tension 7;' should not exceed 7), and 
consequently the centrifugal tension 7’ should not exceed $7}. 

In this way the safe working tension can be used to limit the 
speed beyond which a belt should not be driven. For example, 
if 7, = 400 for cemented belts without lacings, we have V = about 
100 feet per second or 6,000 feet per minute, a limit which is also 


— 


* }fTorse-power of Leather Belts,’’ by A. F. Nagle, 
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indicated for the speed of maximum power. So also for laced 
belts at 275 pounds per square inch, the maximum velocity is 
found to be about 5.00) feet per minute, the same as indicated 
for maximum power, Some reduction might be made in the 
initial tension, as expressed Iyy equation (3), if time were taken to 
consider the probable increase in the sum of the tensions arising 
from the length and position of the belt, as well as from the pecu- 
liar elastic property of leather, but this reduction would apply 
chiefly to long horizontal belts which may require extra tension 
to prevent undue sag, and which, by reason of their length, may 
stretch without serious inconvenience, 

Asarule for initial tension, equation (5) appears, therefore, to 
be on the safe side, and it is here offered as a practical solution 
ofa problem on which much labor may be spent to little puepose. 
It provides simply a moderate excess of initial tension, which for 
obvious reasons is an absolute necessity in successful practice. 

Mr. Emory*—I am indeed glad that Mr. Lewis has taken 
oceasion to discuss the topie at some length. It was presented 
with the hope of promoting discussion that might reveal a purely 
theoretical, analytical treatment which conforms to experiment, 
and which would have little of the empirical about it. 

As Mr. Lewis says, “the initial tension to which belts should 
he laced in practice has not, [ believe, been very clearly formu- 
lated.” Tt was this same belief on my part that caused me in 
part to bring up the subject. The theory as presented is not new, 
although it is given in the latest works on theoretical mechanics. 
It takes no account of the centrifugal force due to velocity, neither 
do any of the analytical demonstrations in our text’ books, nor 
does it take account of the change in s due to slip of stretch. 
These facts put the teaching of theoretical mechanics at times 
into undesirable positions, to avoid which a direct, analytical, 
truthful treatment consistent with experiment is necessary—one 
vhich a student may readily see, and which demonstrates its 
truthfulness by taking into consideration all the conditions. 

I do not wish to be considered as avreeing with the above 
theory as a finished product. Any one comparing the figured 
results with the best practice can see that either one or the other 
should be revised. Evidently the theory should give Way to a 
more complete one. In these times a theory is not complete unless 
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it contains all the actual conditions of the practical case, and the 
above example proves this very satisfactorily. 

A number of most excellent papers on the practical data of 
belts, leading to empirical formule, have been presented to the 
Society, but [am not aware of any analytical demonstration lead- 
ing toa complete theory in which all these conditions are incor- 
porated. Expressions may be derived including the change in the 
coefficient of friction of motion due to stretch, and of the effect 
of centrifugal foree, and so on, but they lead to differential equa- 
tions, which thus far I have not been able to integrate, owing to 
our ignorance of the manner of change of It is with the hope 


of finding such a solution, together with the above mentioned 
reason, that this subject is introduced. 


| 
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DCCCIX.* 
THE ALLEN VALVE FOR LOCOMOTIVES. 
BY C. H. QUEREAU, DENVER, COL, 


(Member of the Society.) 


THERE are decided differences of opinion among railroad 
mechanical men as to the value of the Allen, or double-ported, 
valve, a diagram of which is given in Fig. 150. Those who favor 
its use claim that it secures a greater ‘mean effective pressure 
than the plain valve by giving a more prompt and full admission, 
thus increasing the power of locomotives on which it is used, 


150. 


Those who oppose its use claim there is no difficulty in getting 
all the steam into the cylinders that is needed without the Allen 
port, the main difficulty being to reduce back pressure and com- 
pression ; that if the Allen valve gives a freer admission, its use 
necessarily increases the difficulty of getting the steam out of the 
cylinders, increasing back pressure and compression and causing 
the engines to pound badly. 


Objections. 


Strictly speaking, compression is the period of the stroke from 
exhaust closure to lead opening. The term “ excessive compres- 
sion” is commonly used to denote a suddenly rising pressure at 
the end of the return stroke which takes the form of a loop on 


* Presented at the Washington meeting (May, 1899) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the Transactions. 
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the indicator card, and is usually wrongly assumed to be caused 
by the compression of steam remaining in the cylinder at the 
time of exhaust closure. If exiiaust closure takes place at half 
stroke with 3 pounds back pressure and 8 per cent. cylinder 
clearance, the pressure in the cylinder at the end of the stroke 
will reach only 113 pounds. Ifthe back pressure is 12 pounds 
and compression begins at 15 inches, the full stroke being 24 
inches, the highest pressure attained at the end of the stroke will 
be but 137 pounds. With the usual locomotive valve gear and 
the valve line and line inside, compression begins at about 15 
inches of the return stroke. These facts remain true whether 
the valve is of the common type or an Allen valve. From the 
foregoing it is quite evident that the Allen valve cannot produce 
& compression equal to the boiler pressures commonly used, 
and we must look elsewhere for the cause of the so-called 
excessive compression complained of. That this cause is ex- 
cessive lead I believe will be clearly shown by the cards in 
Fig. 151, which were all taken from the same engine, having 
Allen valves, under practically the same conditions except a 
difference in lead, and which clearly prove that the Allen valve 
can be so set as not to produce excessive compression. (The 
engine from which these cards were taken had drivers 68 inches 
in diameter, valves with 5-inch travel in full gear, {-inch outside 
lap, and Allen ports $ by 17} inches, inside clearance ;!; inch 
on each end, cylinders 19 by 24 inches, and steam pressure 
165 pounds.) 

In view of the preceding, it seems to me clear that those who 
criticise the Allen valve have made the mistake of assuming that 
the excessive compression frequently found to accompany its use 
is due to so free an admission of steam from the beginning of the 
stroke up to the cut-off as to produce abnormal back pressure and 
compression, while the facts in the case are that the objectionable 
results are caused by too much lead, which can be easily reme- 
died, without losing the advantage claimed for this valve. That 
the objectionable feature of undue compression ean be obviated 
seems evident from card 9 of Fig. 151. 

On card 9, Fig. 151, the average back pressure from the begin- 
ning of the return stroke up to the point of exhaust closure is 7 
pounds. Taking into consideration the fact that the drivers were 
making 267.6 revolutions per minute when the card was taken, 
and that these are representative cards among hundreds taken 
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under similar conditions, it seems evident that the Allen valve 
cannot justly be considered as producing more back pressure than 
the plain valve. 

From the foregoing I feel warranted in drawing the conclusion 
that the Allen valve, when properly set, does not produce more 
back pressure or compression than a plain valve under similar 
conditions. 

It is sometimes objected that the Allen port necessitates a 
weak design, or the valves must be made very heavy. For about 
ten years the Chicago, Burlington & Quincy Railroad has been 
using, very successfully, on 19 by 24-inch engines, having steam 
ports 1$ by 17} inches, Allen valves weighing only 112 pounds 
without packing strips. 


A dvantage 


It is evident that the Allen valve doubles the speed of the 
steam port in opening and closing for all cut-offs, and in this 
respect more nearly approaches the advantages of the Corliss 
valve gear than does the ordinary valve. That this is a decided 
advantage can hardly be successfully disputed. It is equally 
evident that for all cut-offs, where the maximum port opening 
does not exceed the width of the supplementary port, the Allen 
valve doubles the port opening. As the width of the Allen port 
is quite commonly half an inch, and a maximum port opening of 
this amount corresponds to a cut-off of 9 inches with the usual 
locomotive gear, it follows that the Allen port doubles the steam 
opening for this and all shorter cut-offs, or for all those commonly 
used for speeds higher than ten or fifteen miles an hour. It 
therefore appears evident, on theoretical grounds, that the Allen 
valve increases the power of a locomotive for all speeds above 
very moderate ones, and that this advantage will be marked for 
high speeds. 

That these theoretical advantages are borne out by practical 
results is shown by the following quotations from the /?roceedings 
of the Western Railway Club for March, 1897: Mr. E. M. Herr, 
then Superintendent of Motive Power of the Northern Pacific 
Railway, spoke as follows: “The Allen valve, in my opinion, is a 
very valuable device if rightly used, and I believe that many rail- 
road men condemn it because they have not used it in the right 
manner. In making some tests on the Northwestern testing 
plant, not very long ago, we showed conclusively that at high 
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speeds a 16 by 24-inch engine would develop more power with an 
Allen valve than a 17 by 24-inch engine, with practically the same 
size drivers, would develop with a plain valve. In fact, a 16 by 
24-inch engine, on a certain division where the ruling grade could 
be approached on a good run, was put in freight service with 17- 
inch engines, and did satisfactory work with the 17-inch engines, 
pulling over rugged parts of the division, until one day the train 
happened to stop at the foot of this ruling grade. That day the 
engine stalled, and it stalled simply because it was not as strong 
asa 17 by 24-inch engine when pulling at slow speeds. At very 
high speeds it was stronger.” 

The following is quoted from the remarks of Mr. Jos. Cockfield, 
Master Mechanie of the Chicago & Northwestern Railway: “I 
wish to mention, however, that the 18-inch engine had Allen- 
Richardson valves, while the 19 by 24-inch engine had plain 
valves, which, in a measure, accounted for the better performance 
of the 18 by 24-inch engine.” 

Writing in 1893, Herr Von Borries, Superintendent of Motive 
Power of the Hanover State Railways of Germany, said: “The 
latter (viz., Allen valves) are most useful for all fast-running 
engines. Our people could not do without them.” 

In the Proceedings of the American Railway Master Mechanics’ 
Association for 1596 will be found the report of their Committee 
on Slide Valves, from which I quote. ‘“ From this | table| it will 
be seen, as might have been expected, that the mean effective 
pressure with the Allen port is greater than without it at the 
ordinary running positions. The average value of all the figures 
shows 20 per cent. greater mean effective pressure in favor of 
this valve. It can be considered that the Allen port has enabled 
the piston to exert 20 per cent. more useful pressure on the 
crosshead at each stroke. It is also readily apparent that the 
earlier the cut-off the more is gained by the Allen valves. This is 
also true in a measure of the increase in speed. It is also clearly 
demonstrated that a better steam line is obtained.” The indicator 
‘ards on which these conclusions of the committee were based 
were made on the Purdue University mounted locomotive, at six 
different cut-offs, varying from full gear to one-sixth stroke, and 
at speeds of 10,20, 30, 40, 50, and 60 miles an hour, with the same 
valve gear and setting for both the plain and Allen valves. 

For engines which are already built it seems plain that the 
Allen valve furnishes a simple method of increasing their power, 
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and in designing new engines will produce a given power with 
smaller and lighter valves, because of the shorter ports in the 
valve seat necessary with this valve, resulting in less strain and 
wear on the valve gear and seats. It may be urged that a plain 
valve with longer travel will give as great a mean effective pressure 
as the Allen valve, but this necessitates a heavier valve and.con- 
sequent wear to the valve gear, and more power wasted. In this 
connection it should not be forgotten that the Allen valve enlarges 
the port opening by a given number of square inches for all cut- 
offs, while a longer valve travel enlarges it a certain per cent., the 
number of inches decreasing as the cut-off becomes shorter. 


Econom 


Assuming it to be proved that the Allen valve will give greater 
power than a plain valve, it does not necessarily follow that the 
economy of the engine will show a corresponding improvement. 
This will depend on the conditions under which the engine is 
working. If with the plain valve the conditions are such that the 
work is done at the most economical point of cut-off, we would 
not expect any saving in coal by increasing the power; possibly 
the reverse if the basis of comparison is the pounds of water per 
indicated horse-power-hour. But if the basis is the cost per ton- 
mile there can be little doubt that the greater power will secure a 
saving. That a fuel economy may be the result is shown by Mr. 
Herr’s remarks before the Western Railway Club: “I have en- 
dorsed the Allen valve pretty strongly, and I want to say that my 
experience is just the reverse of Mr. Barr's. The engines in 
which we put the Allen valve showed quite an apparent fuel 
economy.” 


ad, 


Inasmuch as the Allen valve gives a quicker and larger steam 
admission than the plain valve, it follows that the lead for the 
former should be less than for the latter. In my opinion it has 
heen the failure to appreciate this fact which has caused many to 
conclude that the Allen valve has no advantages, but rather the 
contrary. Not only should the lead for the Allen valve be less 
than for the plain valve, but it must be if the best results are to be 
obtained. The smaller lead which the Allen valve requires is a 
decided advantage in several directions, as will be seen by a study 
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o! the following table, taken from Zeuner valve diagrams of a gear 
having { inch outside lap, $ inch inside clearance, 48% inches link 
radius, 5 inches travel in full gear, and is for 6.inch cut-off: 


Plain Valve Allen Valve 
Lead opens 227 inches 234 inches 
Maximum port opening... inch fon inch 
Release begins at......... 134 inches 137 inches 
Compression begins at.... 18 


If we assume that the Allen port is half as efficient as the port 
opening at the end of the valve, the Allen valve has increased the 
steam port opening 20 per cent. even after the lead has been 
reduced nearly 38 per cent. The reduction in lead made possible 
by the use of the Allen valve has delayed exhaust opening ; thus, 
increasing the period of expansion } inch, or 3 per cent., has 
also delayed exhaust closure ? inch, or 3 per cent. These results 


due to the reduction in lead are equivalent to reducing the inside 


clearance from 4 inch to 4%, inch so far as expansion is concerned, 


and increasing the inside clearance from + inch to ;°; inch so far 


as the effect on compression is concerned. There can be no 


reasonable doubt that these changes introduced by the Allen 


valve will increase the power of an engine except at very slow 
speeds, and will favorably affect. its economy except when the 
engine with plain valves is working under the most favorable con- 
ditions, which are rare in railroad service. 


Indicator ( ‘ards. 


It may be of interest to some to know that cards taken from 
Allen valves on single-cxpansion engines can be distinguished 
from those taken when plain valves are used. Those from Allen 
valves have a wavy compression line, such as may be seen on the 
eards in Fig. 151, while on those taken from plain valves the eom- 
pression line is a simple curve. The cause for the compound 
curves on the Allen valve cards I believe to be explained as 
follows: Fig. 152 shows an Allen valve and seat. Cut-off has just 
taken place at steam port Z, and the supplementary port is filled 
with steam at nearly boiler pressure, perhaps 170 pounds. At ‘1 
exhaust closure is about to take place, when the port and that end 
of the cylinder will be filled with steam at exhaust pressure, say 
10 pounds. As soon as the valve has moved a little farther to the 
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right the supplementary port will be brought into communication 
with port A, when the high-pressure steam in the supplementary 
port will expand through A, increasing the pressure there and 
giving the indicator piston a sudden impulse which will cause it 


Quereau 


152. 


to vibrate till lead opens. ‘This explanation is substantiated by 


the fact that the greater the cubical contents of the Allen port, 
the more pronounced are the reverse curves. 


DISCUSSION, 


Mr. Charles T. Porter.—VThe admirable paper of Mr. Quereau 
on the Allen valve well illustrates the value of the indicator 
when used as a means of investigation. 

I wish we could have had also, for comparison, diagrams from 
cylinders with single opening valves, taken under the same condi- 
tions. Dut there’s the rub. No one except the operator, and he 
not always, can know that all the conditions—of steam pressure, 
train resistance, speed, gradient, and uniform motion—rere the 
same, 

However, the advantage, when cutting off early at high speed, 
of practically doubling the length of the port for admission is 
sufficiently obvious, while no one can compare the valve motions 
given by the eccentric for admission and for release without see- 
ing that it is the former, and not the latter, which become con- 
tracted when cutting off early, and so require the double opening. 

Perhaps some interest may attach to the early history of Mr. 
Allen’s invention. At the London Exhibition of 1862 I showed, 
among other things, a sectional model of this valve, working on 
its seat, beautifully made in mahogany, and nobody paid the 
least attention to it. During a six years’ subsequent residence in 
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England I tried in vain to get locomotive designers to consider 
it. Finally, Mr. Aveling was induced to put the valve on one of 
his road-traction engines. Its operation was entirely successful, 
and the power of the machine was considerably increased, so that I 
confidently looked for its adoption by him. After a while I visited 
his shop in Rochester, to see how it was getting on. I found the 
valve which had been tried in the store-room, and the project of 
using it abandoned. Mr. Aveling told me that some of the most 
eminent engineers in England, who had been consulted in the 
matter, were agreed that the valve-face would wear unequally, 
the narrow portions wearing faster than the broad portions, so 
that it would soon come to leak, and its adoption would ruin his 
business. He added that he did not believe it, but he was ina 
position where he could not act contrary to this advice. 

After this suecess in England, I tried what would be done with 
the valve at home. Through the interest of Mr. Forney, Mr. 
Buchanan concluded to try it on an express locomotive on the 
Hudson River Road. Ile told me that he was just fitting a loco- 
motive with new cylinders, that it would be ready in about a 
fortnight, that he would like to have me go up with them on it 
and indicate the cylinders, and would send me word when it was 
ready. [ am waiting for that “word” yet. This was in the 
reign of the old Commodore, and I concluded that he had for- 
bidden it; he sometimes did such things. A correspondence with 
the Pennsylvania Railroad Company led to no result. That is all 
that was ever realized out of the patents, American and English, 
on this valve, which is now in common use the world over. 

It would not, however, have come into general use but for 
Mr. Forney. He deseribed and illustrated it in his Cutechism of 
the Locomotive, and told me that it was the only patented feature 
that was admitted into that book. This publication brought. it 
favorably to the notice of locomotive designers every where. 

I cannot refrain from saying, in conclusion, that the conscious. 
ness of having been primarily instrumental in giving to the world 
this useful invention affords me higher satisfaction than I could 
have derived from any merely pecuniary recompense. 

Mr. WLS. Regers.—In addition to what Mr. Quereau has said in 
his excellent paper on the Allen valve, 1 wish to say that loeomo- 
tives equipped with Allen valves, and running on accommodation 
train service, making many stops, can pick up their trains much 
quicker than when using plain valves. They are also quicker in 
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action, and the coal gate remains in its place in the tank many 
miles further than is the case with the plain valves. 


Practical railway master mechanics were quick to see the value 


and importance of the Allen valve, but owing to the excessive 
wear on both valve and valve seat, causing enormous maintenance 
and expense, although they were made of solid bronze and other 
composition metals, it was practically abandoned until the late 
F. W. Richardson applied the Richardson balance, eliminating 
the excessive frictional load, and gave us the ideal valve action. 

[ know of wood-burning engines running four years equipped 
with Allen valves with the Richardson balanee, and coal-burning 
engines running two years without having their valves and seats 
faced, without which device they could not last thirty days. 
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THE test recorded below is that of a baffle-plate pattern sepa- 
rator designed to serve as a live-steam separator, as an exhaust- 
steam separator or trap, and as an oil extractor. 

The method of testing the separator consisted, in brief, of a 
determination of the character or quality of the steam before 
entering the separator and also its quality after leaving it. Vari- 
ous pressures of steam and different velocities and amounts of 
steam running through the separator were noted, as also the 
quality of the entering steam was changed for various runs, as 
will appear from the readings and quality results of the wet-steam 
calorimeter. 

Apparatus used : 

In the first eleven runs noted in the tabulation the following 
method was pursued: Steam coming from the boiler through a 
valve A, Fig. 153, passed downward through piping 7, which was 
surrounded by a water jacket, then after two short right bends 
travelled vertically, giving up, in its vertical portion, a sample to 
a separating calorimeter C/); with one right bend again, steam 
after a short connection entered the horizontal separator @. 
Passing out of the separator the discharged steam gave up a 
sample to another separating calorimeter J/ on its way to the 
condenser, a surface condenser through which the steam passed, 
as water into a barrel to be weighed. In the last five runs, Nos. 
14 to 18, the condenser was not used, but the flow of steam was 
measured by Napier’s law; the steam flowing at higher pressures 
than before and at higher velocities through a measured nozzle. 

In the runs after No. 11 the throttling calorimeter was used in 
addition, but did not prove satisfactory, the steam being quite too 
wet for accurate determination. 


* Presented at the Washington meeting (May, 1899) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the Transactions, 
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Description of y Lp) 


A is the valve connecting steam main with boiler, through 
which steam passes along the pipe and thus upwards. At Bisa 
cold-water jacket by means of which the steam to be used in the 
separator test was changed in quality. At Ca steam nozzle 
took steam sample from the vertical pipe to a separating calorim- 
eter D, and the steam’s quality was thus known before passing 
into the separator. The steam gauge and throttling calorimeter 


F’ also checked this determination. The steam then passed 
through the separator (, and the drips were collected at 4, the 
water level in the separator being kept constant. After passing 
the separator the steam was again sampled by the throttling calo- 
rimeter J/ and the separating calorimeter -/, and passed through 
the valve //, by means of which the velocity was controlled and 
changed on different runs. The steam condensed by the surface 
condenser was pumped to the barrel on the platform scales and 
weighed. The throttling calorimeter on the right was not used 
with the very wet steam. By using the valves of the drips Z and 
Ky, and also the steam used by the calorimeter -/, the separator 


itself was used as a check calorimeter. All apparatus was care- 
fully calibrated before the runs. 
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Loa or TEstT. 


| | 
Pressure Pressure} | WeEtT-8TEAM } Dnry-sTEAM 
in Dry- | in Wet- | Water CALORIMETER CALORIMETER, 
above | above Net. Water 
\tmo Atmo | Scale, 
sphere. sphere Lbs 


Condenser 


| 124 203 22.8 302.9: 02: Not taken 
Nottak’n) 34. 34.% 37.75 |- 307. -023 045 1.51 
21. 2 2: 231. 1.8 
35. 15.5 317.25 : 
11. 6 319.5 

9.8 367.25 5 

86. SO. 4 be oe 
83. 33 865.5 : 15 09 


ce to 


SO 

t or 


Cor 


Loa or Test (Continued). 


SEPARATING CALORIMETER. Water Con- 
Pressure in Throttling from densed 
Separator in | Calorimeter Sepa Steam 
Lbs. Gauge. Water in Water in Temp. rator, Used, 
Can, Lb. | Seale, Lb. Lbs. | Lbs. 


02 800 
01 ‘ 154 


Radiation at 3 pounds = 2.2 pounds for 8 minutes, = .27 pound per minute. 
Oil separation ; Oil put in 1.42 pounds, taken out 48 pound, per cent. regained = 32 per cent, 


€ 
Run.) 
| in 
| 
| 
11 2 3 2 355 
| ] 1.3 | l | | 04 1.05 | 
Ss 
NY = 
= cS = 
AS = 
— 
Fie. 154. 
| | 
Run. | 
13 9 3.25 
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Loa oF TEST WITH NOZZLE. 


SEPARATING CALORIMETER. 
| ater from 
Run. Lbs. | Separator. 
ee Water in | Water in | Lbs. 
| Can, Lbs. Scale, Lbs. 
14 % 60 | Nottaken | — 3.25 
15 94 47.5 65 4§ 
16 9} 52 6 055 4.72 
18 94 70.2 9 035 4.95 
| 


| | | 
Radiation = 1.07 pounds in 10 minutes, = .107 pound per minute. 
Pressure after leaving or at nozzle averages 1.5 pounds gauge. 


QUALITY OF STEAM. 


Run, No. Before Entering Separator. After Passing Separatcr. 


1 

2 89.2 per cent. 97.1 
3 93.2 ES 96.1 
4 96.5 
5 94.1 a 96 
6 93.5 91 

7 95.7 i 96 

8 92.4 93.2 
9 85.4 96.6 
10 85 96.4 


11 96 3 a 97 
99. 


By using the separator itself as a calorimeter we may find the per 
cent. of moisture removed by separator. We have by the wet- 
steam calorimeter the quality of the steam at entering, which, 
added to the moisture removed by separator, will be the quality 

\ after passing the latter. For this experiment, as stated, the nozzle 

was used, and, if W = the amount in pounds per second flow, /’ = 

the area orifice in square inches, and p,= the initial pressure 
absolute, then where p,; > § atmosphere, or jx, 


~ 70 


W 
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13 95 
14 oe 
15 94.2 95.3 
16 92.2 93.3 
17 96.2“ 97.3 
18 
Here J’ = .7854. 
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Computing the same for various pressures and runs we have: 


Run, No, Value of Win Pounds Total, Per Cent. Removed. 
14 528 .6 
15 408 
16 416 
17 406 | 
18 530 9 


These per cents. added to the quality before entering give the 
values shown for runs 14 to 18. 

From the general run of the results as shown on the table of 
qualities it would seem that runs 6 and 12 should be thrown out as 
being in all probability associated with some error of conditions 
or observations. If we do so we would conclude that this separa- 
tor in good condition and for the higher velocities of steam flow will 
deliver steam of, say, 7 per cent. dryness, and has little separating 
qualities in steam of dryer quality. And we are quite safe in 
concluding that it will, if kept well drained, deliver a steam dry 
within 3 per cent. There seems to be little difference in its 
action for live steam from boiler and the exhaust steam or steam 
of low pressure of considerable wetness. The steam of 3 pounds 
above atmosphere, corresponding to ordinary engine exhaust, was, 
as will be seen from its quality in the table, made to contain by 
means of the jacket considerable moisture, and again made quite 
dry. The action, however, was similar to that for steam of higher 
pressure and similar wetness, namely, to deliver steam of, say, 97 
per cent., irrespective of original quality. 


Test of a Baffle-plate Steam Separator as an Oil Separator, 


Test of the above separator as an exhaust-steam separator and 
oil separator. 

The apparatus before mentioned was used in the test as an oil 
separator ; the calorimeters and their leading pipes and all unnec- 
essary attachments were removed, and a force pump, small pump 
oiler, was attached at the bottom of the first vertical pipe leading 
to the separator as described before. A steam gauge was attached 
at a point beyond the separator, which recorded the pressure in 
the separator, and the steam was allowed to flow through and into 
the air, discharging as in ordinary practice in a non-condensing 
engine. 


The method pursued was, in brief, to pump a known amount of 
32 
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cylinder oil into the pipe leading to the separator, and to draw 
away from the separator through the drip at the bottom the oil 
and water separated from the steam on its passage. The per 
cent. of efficiency would evidently be the ratio of the amount taken 
out to the amount put in, multiplied by 100. 

This was done: a goodly supply of “ vacuum ” cylinder oil was 
pumped into the pipe slowly as it would be in working conditions 
in the engine manipulations, and the oil coming away with the 
water was carefully skimmed off and weighed. Much care was 
exercised in the beginning to see that a quantity of oil sufficient 
to oil all the parts between the pump and separator was put in so 
that all interstices and joints might absorb or take up all that they 
might hold and so to insure that no oil would be caught and held 
before entering the separator and after leaving the pump. In fact 
a run was made at first, which is not here recorded, which served 
as a zero point to begin observations. 

It was found that it was impossible to skim the mixture of oil 
and water so carefully as to warrant saying that the skim was only 
oil, although to the eye there were no water globules present, but 
the specific gravity of the oil regained was much heavier than 
that put in, and the weight of mixture taken out was much 
greater than that of oil put in. The mixture was cooled to 60 
degrees Fahr., and from its weight and specific gravity was 
figured the probable weight of oil in the mixture. The water 
which existed in the oil or mixture is held in very small globules 
between the parts of the heavier oil, and therefore affects the 
specific gravity and weight directly in the proportion of its exist- 
ence. This mixture being homogeneous, we have the following 
method of caleulating the oil present : 

Let «w= weight water in mixture. 

Let y= weight oil in mixture. 

Let V, = volume water in mixture. 

Let V, = volume oil in mixture. 

Let V, + V,= volume oil and water in mixture = V3. 

Then the relative volumes equal the weight divided by the 
specific gravity, or 


V. V 5.1 . 
then 
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5.1 
; but, again, 
e — 


5.1 | 
— § 
942 314 
y 1 1.6176 pounds. 


But amount put in = 3.05, and since amount taken out is 1.6176 
Oil taken out — 1.6176 


Oil put in 3.05 


- 53 per cent. 


TESTS. 


. Mixture Taken Specific Gravity Per Cent. Oil 
J 
Run. Oil Put In Out Mixture. Regained. 
1.86 pounds 2.81 58.6 


The specific gravity of the oil put into the pipe through pump 
was .893 at 60 degrees Fahr. 

These experiments prove that, in round numbers, 52 per cent. 
of the o:l was regained, although the mixture which might be 
used for lubrication again was a much larger amount. 


DISCUSSION, 


Mr. Francis H. Boyer.—For steam users who are situated 
where they have to use salt water this becomes an important 
feature. When you think for a moment that we have to con- 
sume all the way from 9 to 15 per cent. of the valuation of the 
fuel consumed for the water that we use, it becomes a considera- 
tion of which, when I read the title of this paper, I was in hopes 
that Mr. Emory would give us some solution, but we find none. 
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I would not question for a moment the first clause of his paper, 
where he speaks of the separation of the water, but, taking up the 
steam separation, probably there is not a manufacturer or engineer 
in the room but what is intensely interested in this question of 
separating oil from exhaust steam, and on shipboard you know 
what that means. The oil accumulates, and let ever so small an 
amount of it get into the water, you have serious trouble with 
your boilers. I have a plant where, with a series of engines, we 
run about 800 horse-power into one exhaust line, and to extract 
the oil from the exhaust steam, putting in one of these large baf- 
fle-plate separators, we caught this oil, and convert it and re-use 
it for lubricating purposes. If I had been in the packing business 
I could have made better use of that oil for packing purposes 
than lubricating. It came out in a spongy mass, after being 
heated to the temperature of the steam-——312 or 320 degrees—it 
became a spongy mass with no lubricating properties. There was 
nothing of oil left, and it was absolutely of no value for lubricat- 
ing purposes. There is a device known to men in the ice-manu- 
facturing business for separating oil from exhaust steam that does 
its work perfectly. They build a large cylinder or tank, putting 
a baffle-plate in the bottom; as the steam comes up, distributing 
it, and then letting it pass through any substance by which this 
oil will become coated on the substance it may contain. I found 
one cylinder filled with bluestone spawls ; another one with brick. 
I saw another one filled with wood ; another one that I knew of 
where they put salt grass. But in my own work [ would prefer 
to use with that class of separator coke or charcoal, for the reason 
that after this substance becomes once covered with oil you can 
burn it, and by using coke you can put it in your furnace to make 
fuel. That, in association with a surface condenser, makes a very 
complete plant. I do not know of one that is being run that way, 
although I have designed one and contemplate its building at an 
early date. For 1,000 horse-power I shall build a cylinder 6 feet in 
diameter to 12 feet in length, about 24 inches on the bottom. 
We will use for the first operation an oil separator of the baifle- 
plate design. In this I should expect to get out 70 or 80 per cent. 
of the oil, then passing it through the coke, and as it comes up 
through the separator, the time it will take to deposit oil on the 
surface of the coke—ten days or thirty days or sixty days, what- 
ever it may be—will establish the length of the filling, and when 
you are through open your manholes and take your coke out and 
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Erecting this in contact with 
a condenser beyond the separator, we find a loss not over from 
2 to 3 inches of the vacuum running at 22 to 23 inches. In 


burn it, and put in a fresh supply. 


23 
Boston, in one of the oldest installations of our large electric plants, 
where they are running off 4,000 horse, their water costs them 
$6,000 a year. They are running their water direct through jet 
condensers and into the river. They did buy a large steam sepa- 
rator of the baflle-plate description, and separated as large a per 
cent. of oil as possible, and prevent that from running on the sur- 
face of the Charles River. But I know not now of a large plant 
Where this separation of oil from the water is sufficient to permit 
this being used continually, and I do not believe there is a baffle 
separator that is made that will separate oil from exhaust steam 
in a manner satisfactory, and for the re-using of the water. I 
think it is an important question, not so much the question that 
is brought out by Mr. Emory in his paper, but this question of 
the separation of oil from water; that it is one that means a good 
deal of saving and economy, and one in which all engineers are 
interested. 

Mr. Emory.—I would add only a few words in explanation of 
the paper, and say that no test of the lubricating qualities of the 
oil separated during the test was made. As the oil did not pass 
through an engine cylinder, and encountered actual demands of 
lubrication, it was thought such a test would not be of much 
value. A chemical test, also a physical test, was intended to be 
added. But as reported, it was simply a separation test and noth- 
ing else. As the separation of the residue is the first essential in 
reclaiming and cleansing, it does not appear to me, as affecting the 
efficiency of a separator of this type, whether this residue has 
lubricating qualities or not. The chemical changes in the oil due 
to the heat of the engine cylinder or steam cannot justly be 
charged to the separator. I trust Mr. Boyer will show the effi- 
ciency of his contemplated arrangement when completed, together 
with tests of the lubricating quality and value of the reclaimed 
oil. I for one shall be much interested. 
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ON VARIOUS TYPES OF FIRE 
HYDRANTS. 


EXPERIMENTS 


BY CHAS. L. NEWCOMB, HOLYOKE, MASS. 


(Member of the Society.) 


THE fire hydrant, called in many places a fire plug, is an im- 
portant part of the fire apparatus which our cities and towns 
are providing to guard against the fire hazard. The importance 
of this apparatus is at once seen when we remember that on the 
average each year over one hundred million dollars’ worth of 
property is destroyed by fire in the United States. 

The object of these tests was a complete investigation of the 
fire hydrants now commonly used, and the work was divided 
into the following classes : 

1. The loss of pressure due to the friction of water in the 
hydrant, the total loss being subdivided into barrel loss and 


nozzle loss. 
2. The discharging capacity of open hydrant butts at different 


pressures. 

3. The water-hammer caused by quickly closing the main 
gate. 

4. General features of construction, certainty of action, 
strength, durability, ete. 

Some interesting data were also obtained on two 6-inch meters 
which were used in the tests. 

A few tests on several different hydrants were made in 1886 
by Prof. Selim H. Peabody, of the University of Tlinois. The 
results of these were not entirely satisfactory. Mr. John R. 
Freeman, in his “ Hydraulics of Fire Streams,” * gives a table of 
the discharge of one open butt of a four-way independent gate 
hydrant at various pressures and some percentage corrections 
when using the table for other types of hydrants. Beyond 
these tests the writer has been unable to find anything of im- 


* Presented at the Washington meeting (May, 1899), of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the 7ransactions. 
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portance, though diligent inquiry was made. In the experi- 
ments here described it was possible to test a large number of 
hydrants under widely varying conditions, and the aim has 
been to bring out results which would be of value to hydraulic 
engineers and hydrant manufacturers. 

The tests were made for the Water Department of the City 
of Holyoke, Mass., at the request of the Water Commis- 
sioners. They were carried on in the basement of the Water- 
Works shop, commencing in November, 1897, and ending in 
June, 1898, with an intermission of several months. The full 
facilities of the Water Department were at all times available, 
thus making it possible to go into the investigation with much 
thoroughness. 

The writer is indebted to Mr. John R. Freeman, of the Asso- 
ciated Factory Mutual Fire Insurance Companies, for valuable 
suggestions from his large experience in testing work, and for the 
general cooperation of the Inspection Department of Factory 
Mutuals. Mr. Frank L. Pierce and Mr. E. V. French, of that 
department, made frequent visits to the testing-room during the 
experiments, and gave much help in planning the seope of the 
tests and the arrangement and handling of apparatus. The test- 
ing work done in 1897 and in January, 1898, was under the imme- 
diate charge of Mr. Ezra E. Clark, of Springfield, Mass. The 
work done in June, 1898, was under the immediate charge of 
Mr. A. L. Kendall, of the Factory Mutuals. Messrs. French, 
Clark and Kendall have also aided in carrying on the computa- 
tions and in getting the report in shape for publication. 

The hydrants were in part bought from the manufacturers 
and in part loaned by them. In all cases it was fully explained 
that the hydrants were to be used in extensive tests, and that 
the usual commercial article was desired. The cheerful co- 
operation of the manufacturers was of material help throughout 
the experiments. 

The mercury gauges and the meter nozzle were loaned by the 
Inspection Department of the Factory Mutuals. The Trident 
meter was loaned through the kindness of the Neptune Meter 
Company. The Worthington meter was purchased specially for 
the work. The American Thompson Improved Indicators were 
loaned by the American Steam Gauge Company. 


*«“Experiments Relating to Hydraulies of Fire Streams,” 7rans, American 
Society of Civil Engineers, Vol. XXI., Table B-No. 3. 
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Fig, 156.—INTERION OF TESTING-ROOM. 


at 
tes 
Fig. 157.—INTERIOR OF TESTING-ROOM. 
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ARRANGEMENT OF APPARATUS. 


The water for the tests was drawn from the city mains, an 
8-inch pipe being laid into the basement for this work. The 
city is supplied by gravity from reservoirs, and the pressure 
was generally quite steady. The mains were of such size that 
all water needed could be obtained at good pressure. Fig. 155 
shows the general arrangement of apparatus. The S-inch main 
was provided with a gate just inside the building. It then con- 
nected with a 6anch Worthington meter. A short length of 
pipe connected the meter to a manifold with six outlets. To 
each outlet was attached a 6-inch gate, and the hydrants con- 
nected with the gate by a short length of 6-inch pipe. Figs. 156, 
157, 158, and 159, made trom photographs, show the general ap- 
pearance of the apparatus. 

Piczometers —About 2 feet from the inlet of the hydrant a 
hole for j-inch pipe was drilled in the cast-iron pipe and tapped. 
Into this hole a short nipple with a stop-cock was screwed, from 
which connections were taken for the gauges. This connection 
served in place of a regular piezometer and can be relied upon 
to give sufficiently accurate results, as the velocities were not 
high and there were several feet of straight pipe back of the 
hole, so that a uniform condition of flow might be expected. 
Care was taken to drill the hole at right angles to the pipe and 
to prevent the gauge connection from extending into the pipe. 
Care was also taken to remove any burr made in drilling. If 
either of these points had been neglected a false reading would 
have been the result. 

A }{-inch hole was tapped into the back of the hydrant about 
on a level with the nozzles, and a connection screwed in with the 
same care as for the 6-inch pipe. To the 25-inch hydrant out- 
lets special piezometers, as shown in the sketch on page 500, were 
attached. The circular space extended around the piezometer 
and connected with the interior by four $inch holes drilled 
at right angles to the axis of the bore The pipe leading to 
the gauges was connected to this space between two of the 
holes. This arrangement materially assists in the aecurate 
determination of the pressure when the velocity is high and 
the water is likely to be in eddies, as would be the case at 
the outlet of a hydrant. At the end of the piezometer a 50-foot 
line of ordinary 25-inch cotton, rubber-lined, jacketed fire hose, 
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158.—EXTERIOR OF TESTING-ROOM, SHOWING MreTER NozzLeE 1N 
OPERATION. 


Fic. 159.—INTERIOR OF TESTING-ROOM, SHOWING HypratLic Test PUMP ON 
RIGHT AND WATER-HAMMER RIG TO LEFT OF CENTRE. 
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loaned by the Fire Department, was attached, which conducted 
the water to a meter nozzle located in the yard. When two out- 
lets were in use two lines of hose were employed, and for the 
three- or four-way hydrants three and four lines were used. With 
two lines of hose two piezometers were used and connected to- 
gether by a short length of {-inch pipe. The connection for the 
U-gauge was taken from about the middle of this pipe. When 
using more than two streams, only two piezometers were used, it 
being assumed that the average pressure was fairly well secured 
in this way without the use of a piezometer on each outlet. 
Meter Nozzle.—The meter nozzle was one designed by Mr. John 


R. Freeman fer accurate water measurement. A cut of it is shown 
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C.L. Newcomb M.E, 
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Fie. 160. 


in Fig. 161.* The three-way connection joins a 3}-inch smooth- 
bore play pipe, having at its end a3}-inch piezometer with gauge 
connection at € made on the same principle as the 2}-inch 
piezometer, shown in Fig. 160. To the end of the piezometer 
nozzles from $-inch to 24-inch bore can be serewed. When 
using four streams an ordinary Siamese connection was screwed 
to one of the inlets. For the six streams in the tests of the six- 
way hydrant, the fifth and sixth lines were run separately, and 
each provided with an Underwriter play pipe. At the base of 
one play pipe was a 24-inch piezometer, which was connected 
to the mercury column and turned on alternately with the meter 
nozzle. 

With the pressure at the nozzle piezometer accurately known 
the quantity of water can be readily computed. In all the fric- 


* A full account of the original tests of this nozzle will be found in the 7rans- 
actions of the American Society of Civil Engineers, Vol. XXIV. 
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tion loss tests the quantities were determined by the nozzles 
rather than by the meter. The Worthington meter gave trouble 
from its pulsations affecting the gauges, so that the by-pass con- 
nection shown at the left in Fig. 155 was put in and the meter 
abandoned. Later the Trident meter was put into this connee- 
tion and used for the last part of the open-butt tests. 
Gauges.—The nozzle pressures were measured by a mereury 


bic. 161.—Mrtrzn Nozze. 


column * with a scale graduated to read pounds and tenths of a 
pound directly and to include a connection for the lowering of 
the surface of the mercury in the cistern. The gauge was con- 
nected to the nozzle piezometer by }-inch iron pipe and rubber 
tubing, care being taken to have the joints practically tight. 
The pipe sloped upwards from the nozzle, and a blow-off cock 
was placed at the highest point, so that all air in the connections 
could be surely blown out. The gauge was set up against the 


*For the general construction of the mercury column, method of graduating 


the scale to compensate for lowering of the cistern, weight of mercury, ete., see 
“‘Hydraulies of Fire Streams,” by J. R. Freeman, 7'ransactions A. 8. C. E., Vol. 
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rear brick wall of the building, and the tube extended into the 
second story of the shop, through a hole in the floor. 

Losses of pressure were measured between the 6-inch inlet 
and the connection at the top of the hydrant, also between the 
6-inch inlet and the 2}-inch piezometer. Thus the first gave the 
barrel loss and the sccond the total loss. The difference was 
then the nozzle loss. These losses were measured directly on a 
U-tube mereury gauge made and connected about as shown in 
Fig. 155. For these gauges a heavy glass tube with an inside 
diameter of about | inch was bent into the shape of a U, with 
one leg about twice the length of the other. The tube was 
filled with mereury nearly to the top of the shorter leg. A short 
length of rubber tube was comented to the top of each leg. 
This tube connected the glass to a fitting made up of ordinary 
yinch pipe and containing stop-cocks and a blow-off cock for 
air. From these fittings connections of }-inch iron pipe or of 
rubber hose were taken to the points on the hydrants between 
which the loss was desired. Care was always taken to have the 
connections slope upward from the hydrant to the air-cocks, so 
that when the cock was opened the swift flowing current of water 
washed out all air in the connections. 

These gauges gave directly the gross loss of pressure between 
the two points with which connection was made, this loss being 
the difference in height between the two columns, less a slight 
correction for a column of water of a height equal to this differ- 
ence. A measuring stick graduated directly in pounds and 
tenths of a pound was fitted between the legs of the tube and 
gave the readings directly in pounds. 

Open-butt Tests—In the open-butt tests the water was dis- 
charged directly from the 23-inch hydrant butt. The floor of 
the test-room was of brick laid in cement, with a large drain all 
prepared especially for this work, so that the water could be 
blown out anywhere in the room. 

For the tests through No. 368 the mereury gauge was con- 
nected to the 6-inch piezometer at the inlet of the hydrant, and 
a U-gauge connected between this point and the connection 
on the back of the hydrant. The pressure at the outlets was 
then the mercury-column reading corrected for elevation, less 
the friction loss through the hydrant, which was given by the 
U-gauge. After test 368 the mereury column was connected 
directly to the nipple at the back of the hydrant barrel opposite 
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the outlets. This gave the pressure directly at the outlets, and 
was better than the first arrangement, as it avoided the errors of 
the U-gauge. P 


Method of Conducting T st and Computing Re sults. 


Friction Losses.—In all the tests observers were placed at the 
different gauges and took readings simultaneously at the sound 
of a bell, a warning bell being struck five seconds before the 
time for the reading. The majority of the tests were of ten 
minutes’ duration, and readings were taken each minute. A few 
of the tests were of five minutes’ duration, and in these half- 
minute readings were taken. 

The following programme was adopted for all the friction-loss 


tests : 


Size of Approximate Approximate 
Condition Meter Pressure at Gallons per 
Nozzle Nozzle Minute Flowing. 

One hose outlets... ... inch 66 pounds 130 
14 inches 46 250 
i} « 33°C 350 
24400 450 
Two-hose outlets . 1} 65 zg 3875 
625 
2 34 CO 750 


In all cases after the water was started ample time was 
allowed before the readings were commenced to make sure the 
water had come to a steady condition of flow. 

Before or after each series of tests the zero reading of the 
mercury column was obtained by filling the gauge connections 
with water and holding the end level with the centre of the 
nozzle and then reading the gauge. 

At the end of a series of tests the averages were quickly com- 
puted and checked, and the gross loss in pounds, and the 
gallons per minute discharged for each condition, were plotted 
on cross-section paper and a curve drawn through the points. 
This gave a constant check on the work and quickly showed up 
any error. The occasional prompt finding of a discrepancy 
tended strongly to impress the observers with the need of care 
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in taking readings and handling the apparatus. For this reason 
and for the greater ease with which any trouble is located and 
remedied, and for the chance of studying the results and in- 
vestigating at once while the apparatus is in place any special 
feature, this method of carrying the computations along with the 
work is believed to be of the greatest benefit to the experimenter. 
The chance of false readings was carefully guarded against by 
liberal blowing off of all connection before each test. For a 
number of hydrants, series of tests were repeated to try the 
accuracy of the work, and it was almost invariably found that 
the two series agreed well within practical limits. 

The question was raised as to whether the high velocity of 
water through the 2}-inch hydrant butt might not cause such a 
contraction of the stream as to affect the readings of the U-tube. 
Two series of tests were therefore made on one hydrant, one with 
the 23-inch piezometer next to the hydrant outlet, which was 
the usual arrangement, and the other with a piece of 25-inch 
pipe about 2 feet long between the hydrant and the piezometer. 
A special test for the friction loss in this 2}-inch pipe was then 
made, and, correcting for this loss, the results were found to be 
practically the same in the one case as the other, showing that 
the piezometer screwed directly to the hydrant could be relied 
upon for accurate results. 

Computations.—The average readings from each test were 
copied onto data sheets arranged with parallel columns. The 
main steps of the computations were also put onto these sheets, 
thus giving a complete record of the work. The sheets appear 
at the end of the report. The friction-loss tests are arranged 
in alphabetical order according to the names of the hydrants, 
with all the tests on one make of hydrant grouped. The open- 
butt tests are in order of test numbers. For a few of the hy- 
drants complete tests were not made, for lack of time. The 
absence of data will show where these omissions occur. 

For the friction-loss data sheets the following explanations 
may be made: 

Column 4 gives the size of the nozzle tips used in the 
different tests. 

Column 5 gives in the first part the actual reading of the 
mercury gauge attached to the nozzle, and in the second the 
pressure corrected, as already described, for the difference in 
height between the centre of the nozzle and the zero of the 
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gauge; that is, the second column gives the actual pressure at 
the nozzle. 

Column 6 is obtained directly from column 5 by curves plotted 
from the following formula, which is taken from “ Hydraulics 
of Fire Streams” 


29.83 cP 


- diameter of orifice of discharge in inches. 
DPD = diameter of piezometer in inches. 

c = coefficient. 

p = pressure in pounds per square inch at centre of orifice. 
The following coefficients were used: 


j-inch nozzle Coefficient 0.985 
| 99 
1} 99 
95 
995 


995 


Column 7 was obtained by an ordinary Bourdon gauge attached 
to the piezometer conneetion in the 6-inch pipe supplying the 
hydrant. These readings were taken to show the approximate 
pressure worked at and thus make the data complete. The fric- 
tion losses were of course independent of the pressure. 

Columns 8 and 9 show the gross losses read directly from the 
U-tube gauges, and also these losses corrected for the water 
column, as already explained. 

Column 10 is merely the difference between columns 8 and 9, 
and is therefore the gross nozzle loss. 

Columns 11, 14, and 16 are computed from the quantity flow- 
ing as given in column 6, and columns 12, 15, and 17 are ob- 


ro 


tained from these velocities by the formula h = ,. The losses 


given in columns 8 and 9 are not actual friction losses, as they 
contain the gain or loss of head due to changes in the velocity 
of water. For example, the actual friction loss between the 
gauge connection on the 6-inch pipe supplying the hydrant and 
the 23-inch piezometer on the hydrant outlet, i.2., the total loss 
(column 19), is the gross loss of column 8 less the loss of head 
necessary to change the velocity from that in the 6-inch pipe to 
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that in the 24-inch pipe. This loss is the difference in the 
heads corresponding to the two velocities, which is column 17 
The actual friction loss is therefore 


less column 12. 


Column 8 — (column 17 — column 12) = column 19. 


When two lines of hose were in use half the total quantity was 
assumed to be passing through each outlet; with three lines 
one-third each, and four lines one-quarter each. 

Column 18 is figured in a similar way. 

Column 20 is simply the difference between columns 1! and 
18, which is the nozzle loss. 

Open-butt Tests.—The general method of procedure was the 
same as for the friction tests. The mercury column and the U- 
gauge, in the tests where it was used, were read in the same way 
and with the same care as in the friction-loss tests. The 
quantity of water was obtained from the meters, the Worthing- 
ton meter being used in all of the earlier tests, the Trident 
meter in the later ones. The exact time in which the meter 
registered an even number of cubic feet was noted with a stop- 
watch. To get an even number of cubic feet a definite number 
of revolutions of one of the dial hands was timed. This method 
is free from possible inaccuracies in the graduations of the 
meter registers. 

The average readings from each test and the main steps of 
the computations have been placed on data sheets similar to 
those used in the friction-loss tests. These sheets are placed at 
the end of the report, and in them the arrangement is according 
to test numbers, this being more convenient under the condi- 
tions than an alphabetical order. The following explanations may 
be made. 

Column 2 is the duration of test from the stop-watch readings. 

Column 7 is the reading of the mercury gauge. 

Column 8 is the correction. In the earlier tests this is in 
two parts—the first part for the difference in elevation between 
zero of the scale and the centre of the connection at the top of 
the hydrant barrel. The second part of the correction is the 
friction loss in the barrel given by the U-tube reading. After 
the U-tube was abandoned, the correction is simply for eleva. 
tion. 

Column 9 is column 7 less column 8, and is therefore the rea! 
pressure at the back of the hydrant outlet. 
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Column 10 is the total cubie feet passed in the time given in 
column 2. 


Column 11 is computed from columns 2 and 10. 
Column 12 is read directly from the meter-calibration curve. 


Column 13 comes from column 12, using the assumption that 


at a given pressure the discharge varies inversely as the square 
of the diameters. 


On several hydrants tests were run, first, with the pressure 
taken at the usual connection at the back of the barrel, and, 
second, with the pressures taken at a connection tapped into a 
cap screwed to the other outlet if a two-way hydrant, and to any 
one of the other outlets if the hydrant had more than two out- 
lets. The plotted points from the two tests gave practically the 
same curve, showing that where more convenient there is no 
objection to using a tapped hydrant cap. 

Curves. -In addition to the rough plottings which, as already 
stated, were made as the work progressed, final curves were 
drawn from the completed results. 


4 


It was from these curves, 
which give the best means of averaging the several experiments 
on any one hydrant, that the data for the tables designed for 
practical use were taken. 


Plates I. to XXIL., inclusive (Figs. 162 to 183), show friction 
losses, and are columns 18 and 19 of the data sheets, plotted with 
column 6, thus giving actual friction losses for one coordinate 
and gallons per minute flowing for the other. 
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HOLYOKE TWO WAY (4iNn. BBL.) 
TWO HOSE | 
© TESTS NO. 984---988 | 
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HOLYOKE HYDR. TESTS 
OPEN BUTTS. 
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Plates XXIII. to XXV. (Figs. 184-5-6) give similar plottings 
for the open-butt tests, pressures at the back of the hydrant being 
taken for one coordinate and gallons per minute for the other. 

These curves give convenient means of studying the general 
uniformity of results and for interpolating between the points 
given in the summary tables. They also furnish a complete 
graphical record of the results which are shown in tabulated 
form on the data sheets. As many curves as were consistent 
with clearness have been plotted on one sheet, and, in general, 
hydrants of similar main dimensions will be found plotted 
together. 

Accuracy.—In the friction-loss tests the nozzle pressures were 
read to the nearest 0.1 of a pound, which represented a little less 
than one-quarter inch on the scale, and was therefore a very easily 
read division. The fluctuations under ordinary conditions, due to 
changes of pressure in the city mains, were less than one pound. 
When more than this, the unusual readings and the correspond- 
ing ones on the other gauges were thrown out. It may safely 
be assumed that the nozzle pressures were correct within one- 
quarter of a pound. At the pressures worked at, this would 
mean an error in quantity of less than 1 per cent. 

The U-gauges in the later tests were read to the nearest 0.01 
pound; in the earlier ones to the nearest 0.05 pound, except 
for the very small losses, where somewhat closer readings were 
made. At the small losses there was almost no vibration of the 
mercury columns, thus facilitating accurate readings. For the 
larger losses careful throttling of the cocks reduced the vibra- 
tions to a small range. By plotting these losses with the 
quantities corresponding, and locating an average curve through 
the points, the errors tend to neutralize each other, and it will 
be seen by studying the plates that the points do very readily 
locate such curves, and that but few of them lie far outside the 
average line. Losses read from these curves may be considered 
correct within 2 per cent. Table I. and the pyramid diagrams 
were made from the curves. 

In the open-butt tests the mercury column was read to the 
nearest 0.1 pound. The average pressure from the ten read- 
ings would probably not be in error more than 0.2 pound and 
in general not more than 0.1 pound. In the tests where the 
mercury column was connected to the 6-inch piezometer the U- 


gauge error also enters, but in general this did not exceed about 
34 
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0.1 pound. This means when using the U-tube a maximum 
error of 0.3 pound and without the tube 0.2 pound. The per- 
centage errors decrease with the increase of pressures. 

In estimating on the meter just when the dial hand, with the 
meter in motion, passes the zero point, an error of 1) cubic 
feet might be made. If the errors at the beginning and end hap- 
pen to be in the opposite direction, the maximum error would be 
3 cubic feet. One hundred cubic feet was the smallest quantity 
passed in any test, and generally the quantity was considerably 
larger. Therefore in the worst case the percentage error in 
reading the meter does not exceed 3 per cent. The meters were 
calibrated by the nozzles, and an average curve plotted with 
meter readings for one coordinate, and nozzle quantities for the 
others. The errors in the meters were found to be practically 
constant for any given quantity, so that an error of over 1 per 
cent. in the calibration is improbable. 

The stop-watch was read to the nearest one-fifth second, and 
was frequently rated so that with ordinary care the time 
should be correct within 1 per cent. and often closer. With 
the above errors happening to be all in one direction the deter- 
mination of the discharge per minute in any one test might be 
5 per cent. out. This would be the worst condition, and in 
general the error would be much less. 

In this work, as in the friction-loss tests, the results were 
plotted and average curves drawn. The results from these 
curves may reasonably be expected to be correct within 3 per 
cent. 

Considering all the above, it will be seen that the results are 
amply accurate for all practical purposes. 


Hyprants TESTED. 


The following cuts, arranged in alphabetical order, show the 
general features and dimensions of the hydrants tested. A study 
of the results of the tests in connection with these cuts will 
show the reasons for the differences found. 
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Beaumont.—Fig. 187 shows the general appearance of the 

hydrant tested. The casting towards the outlets was well 

rounded and the nozzles leaded in, making a smooth joint. 


Inside diameter of cylindrical 
barrel, 4! inches. 


Newcomb 


Fig. 187 


Diameter of gate opening, 4) 
inches. 


Fig. 188 shows a cross-section of hydrant barrel at gauge con- 
nection. 


Inside measurements at gauge 
connection 4% x 
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CuapMAN Nos. 1 anp 2.—Fig. 189 shows the general appear- 
ance of hydrants Nos. 1 and 2, but the hydrants tested were 
simple two-ways with no steamer connections. The dimensions 
given are for the hydrants tested. No. 1 was the regular com- 
mercial hydrant, and had sharp, jagged corners at the 2}-inch 


outlets. In No. 2 the same casting was used, but the corners 
had been chipped and filed and made as smooth as possible, 
working from the outside. The result was fairly smooth curves, 
but of short radius, probably about 4 inch. 


Gauge connection: Inside diameter of 
barrel at point opposite 72: 
For No. 1 = 42 inches 

“ Hea. 2 


— 5 


Smallest inside diameter 
54 inches. 


of barrel, 


Diameter of gate opening, 5 inches. 


Fig. 189 
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CrarmMan No. 3.—Fig. 190 shows the new-pattern hydrant 
called No. 3. This was a two-way with steamer connection. 
The casting at 23-inch outlets was smooth and well rounded. 
Nozzles did not butt close against casting, but left a groove-like 


, Inch across. 


space about 


Inside diameter of barrel at gauge connections, 
inches. 


Inside diameter of cylindrical barrel, 7 inches. 


Gate opening, oval, 62 inches by 5;, inches, 
equal in area to circle 5.9 inches diameter. 
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CHAPMAN THREE-wAy.—Fig. 191 shows the three-way inde- 
pendent gate hydrant. Nozzles projected into hydrant about 
} inch, and had flat ends, making sharp corners. The inde- 
pendent gate arrangement differs somewhat from that in the 
four-way hydrant. The guides are cast with the head, and have 
rounded corners toward the current. The inside independent 
valve, when wide open, projects | inch to 8; inch into nozzle 
openings. 


Barrel at gauge connection, hexagonal ; distance 
inside between flat faces, 6,°, inches. 
Round, inside diameter, 6 inches. 


Cylindrical barrel, inside diameter, 6 inches. 


Gate opening, oval, 5,, inches by 4,5; inches. 


Newcomb 


Fie. 191. 
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CuapMAN Four-way.—Fig. 192 shows the four-way independ- 
ent gate hydrant. The lowest point on the independent gates 
projected about + inch into openings when gates were wide 
open. This caused a noticeable breaking of the stream in the 
open-butt tests. 


hy Gauge connection ; inside diameter 
of barrel, 8} inches. 


Inside diameter of cylindrical 
18 | barrel, 62 inches. 
| 
Diameter of gate opening, 6,', 
=) inches. 


| ~ 


Newcomb 


Fia. 192. 
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Corrin GaTE.—Fig. 193 shows general appearance of Coftin 
hydrant, but the one tested had no steamer connection. Di- 
mensions below are for hydrant tested. The nozzle entrances 
had well-rounded corners. 


Inside diameter at gauge con- 
nection, 6 inches. 


Diameter at contraction, 
inches. 


Inside diameter of cylindrical 
barrel, 65 inches. 


Diameter of gate opening, 4} 
inches. 


Fie, 193, 
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Corrtn Compression.—Fig. 194 shows the two-way hydrant with 
steamer connection tested. The 24-inch nozzle entrances had 
well-rounded corners. This pattern has no contracted section 
like that in the gate hydrant. 


Inside diameter at gauge connec- 
tion, 6 inches. 


Inside diameter of cylindrical 
barrel, 6 inches. 


Diameter of gate opening,5 inches. 


Fie. 194. 
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CorEY 4-INCH AND 5-INcH.—Fig. 195 shows the general fea- 
tures of both 4-inch and 5-inch hydrants. They were both two- 
ways and identical, except for size. In this hydrant the barrel 
gauge connection was enough below the outlet to enter the 
cylindrical part of the barrel. 


Inside diameters at gauge 
connection : 
For 4-inch barrel = 5} inches 


oF ORDINARY or 
PAVEMENT EVEL PAVEMENT 


Inside diameters of cylin- 
drical barrel : 
For 4-inch hydrant = 5 


inches 


5-ineh =§ 


Diameters of gate opening : 
For 4-inch hydrant = 4 inches 


Fig. 195. 5-ineh =5 
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GLAMORGAN.— Fig. 196 shows the general features of the Gla- 
morgan hydrants referred to as Nos. 1 and 2. The castings 
of both hydrants were similar, except that the outlets of No. 1 
were less than 1806 degrees apart, or about like the ordinary 
hydrant. The nozzle outlets were not rounded, but presented 
square corners in the barrel. 

No. 2 was fitted with independent cut-offs attached to outlets. 
These were of a peculiar design, working on the principle of a 
piston valve, the shutting off being accomplished by revolving 
an external collar which moved the valves over the ports. The 
ports compelled the water to make several turns over sharp 
corners, accounting for the large frictional loss found. 


Inside diameters at gauge 
connection : 
or No. 1, 42 inches 
No.2,6; 
= Inside diameters of barrel 
~~ at smallest part : 
For No. 1, 5 inches 


No. 2,63 


Diameters of gate opening : 
il For No. 1, 4} inches 

196. “ No.2,63 “ 
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Ho yoke Gate (4-inch, 5}-inch, and 6}|-inch Barrel).—Fig. 197 
shows the general features of the nominal 4-inch, 5-inch, and 
6-inch hydrants. These were all two-way. Casting at outlet 


had rounding corners, but was rough, with small nubbles and 
projections. 


Inside diameters at gauge connections : 
For 4-inch hydrant, 5 inches 


Inside diameters of cylindrical barrel : 
For 4-inch hydrant, 48 inches 


5-ineh 


6-inch 


Diameters of gate opening : 
For 4-inch hydrant, 4;'; inches 
“ 6-inch 6 


23 
63 
oriPy ; 
\ 
Newcomb 
Fie. 197. 


EXPERIMENTS ON VARIOUS TYPES OF FIRE HYDRANTS. 5338 


HotyokeE C mpresstion Nis. 1 2.—Fig. 198 shows. the 
general features of hydrants Nos. 1 and 2, which were both two- 
way. The casting at outlet had rounding corners, but was 
rough, with small nubbles and projections. 


Inside diameters at gauge connections : 
For No. 1, 6} inches 


‘ 
“ No. 2, 53 


GRADE 
~ Inside diameters of cylindrical barrel : 
For No. 1, 5} inches 


No. 2. 5 


Diameters of gate opening 
For No. 1, 55 inches 


“ No.24)  “ 


Fria. 198. 
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Ho yoke Four-way.—Fig. 199 shows the independent gate hy 
drant, the condition at the nozzles being as shown in the cut. 


Inside diameter of barrel at gauge connection, 
74 inches. 


Inside diameter of cylindrical barrel, 63 inches. 


Diameter of gate opening, 6 inches. 


Newcomb 


Fig, 199. 
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Ho.yoke Srx-way.—Fig. 200 shows the general appearance of 
the six-way independent gate hydrant tested. The main gate and 
barrel are of the same style as shown in Fig. 197. The independ- 
ent gates at the nozzle outlets are similar to those shown in 


Fig. 199. 


Inside diameters at gauge connections : 
For upper connection, 9) inches 


Inside diameter of cylindrical barrel, 10 inches. 


Diameter of gate opening, 8 inches. 


Newcomb, 


Fie. 200. 


| 
i 
ill) 

HH i 
| 

— 

j 


536 EXPERIMENTS ON VARIOUS TYPES OF FIRE HYDRANTS. 


LupLow.-—Fig. 201 shows the two-way hydrant tested. The 
y ay 

nozzle outlets were square-cornered, the sketch well showing the 

conditions. 


Inside diameter at gauge con- 


nection, 72 inches. 


Inside diameter of cylindrical 
barrel, 7 inches. 


Diameter of gate opening, 5 
inches. 


Fie, 201. 
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Maruews 5-1ncn.—Fig. 202 shows the general appearance of 
the two-way compression hydrant, with steamer connection, 
tested. The hydrant tested was fitted with the double-valve 
arrangement, as shown in Fig. 203. The casting of hydrant was 
rounded at the outlets to a radius of about } inch, not hav- 
ing the square corners shown in the cut. 


Inside diameter at gauge connection, 


7,3, inches. 


OR 


Inside diameter of cylindrical barrel, 
5? inches. 


Diameter of both gate openings, 54°, 


ell ) inches. 
v1] Neweom) 
Fie, 202, Fira, 203. 
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Matuews Four-way.—Fig. 204 shows the general appearance 
of a single-valve compression hydrant with independent gates at 
ou.let. In Fig. 202 will be seen the main valve arrangement of 
the hydrant tested, and in Fig. 204 the design of the independent 
gates. In the hydrant tested the head was of somewhat differ- 
ent design to provide for the two additional outlets directly 
above those shown. With independent gates open the distance 
from valve face to edge of outlet is from 1} inches to 12 inches. 


Inside diameter at 
gauge connection, 84 
inches. 


Inside diameter of 
eylindrical barrel, 6} 
inches. 


Diameter of gate 
opening, 62 inches. 


Newcomb Newcomb 


204. 
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aT? & Capy.—Fig. 205 s 1e general appearance o 
Pratt & Capy.—Fig. 205 shows the g 1 apy f the 
two-way hydrant, with steamer connection tested. The hydrant 
sted was fitted with independent gates for the 24-inch outlets. 
tested was fitted with independent gates for the 24-inch outlet 
These gates were moved up and down by spindles through the 
head, somewhat similar to the Chapman and Holyoke hydrants, 
but the gates themselves had rounding surfaces following the 


curvatures of the barrel. The casting at the outlets had square 
and rather ragged corners. 


Inside diameter at gauge connec- 
tions, inches. 


Diameter of cylindrical barrel, 82 
inches. 


Diameter of gate inlet, 6} inches. 


Newcomb 


Fie. 205. 


ve 
oe 
4 
ae 
— 
Bae 
6D 
ORD 
4) 
| 
| wa 
| 
= 
4) 
\ 
| 
i 
Hi i 
+ 
— 


540 EXPERIMENTS ON VARIOUS TYPES OF FIRE HYDRANTS. 


Tue Resuurs in BRIEF. 


To put the results into shape for ready use the tables follow- 
ing have been prepared: Tables L, I1., and III. give the entire 
results of the friction-loss tests; Tables IV. and V. the dis- 
charging capacity of open butts for the range of pressures 
covered by the tests. These tables were filled out by readings 
directly from the curves, Plates L to XXYV., inclusive. 

To further aid in making comparisons and to put the whole 
friction-loss data into shape to appeal quickly to the eye, the 
pyramid diagrams Figs. 206, 207, and 208 have been prepared. 
The points selected for these diagrams correspond to one or 
more standard fire streams; that is, 250 gallons per minute 
through each line of 25-inch fire hose. 

The open-butt tables are of value in testing water-works 
systems to determine their capacities at useful pressures where 
lack of either time or facilities prevents using more accurate 
apparatus. In such cases the open butt gives quickly and inex- 
pensively fairly accurate results for this kind of work. Differ- 
ences in design and construction of the outlet materially affect 
the discharge, but a study of the tables, together with the cuts 
of the hydrants, will enable one to apply intelligent corrections 
for outlets differing from any here tested. 

In practice the gauge would often be connected into a tapped 
hole in a hydrant cap, and the cap screwed to one of the other 
outlets of the hydrant if it had more than one. This in all 
ordinary cases would give the same result as a connection tapped 
into the back of the hydrant, as was the case in most of the tests. 
The few tests in which the gauge was connected, first one way 
and then the other, show practically no difference in the result 
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TABLE 


HypDRANT FRICTION LOSSES—THREE TO Stx STREAMS FLOWING. 


NAME OF Friction Loss in Pounps witH Various Rates oF FLow. 


HYDRANT AND 

GALLONS PER 

MINUTE FLow- 
ING. 


| 
| 
| 
| 


Flowing. 


Z 


Gallons per Min. | : 600 } | 800 


Chapman 3-way .| (0.60/0.70) 1.80 0.87/1.01) 1.88, 1.18/1.42)2.60 | 1.56 1.89 3.45) 2.00/2.40|4.40 
f-way .| 0.25.0.70 0.95 (0.36 1,05 1.41) 0.49 1.46 1.95 (0,64 1.96 2.60) 3.51 
Holyoke 4-way ..| 3 (0.35.0.60 0.95)/0.49 0.92 1.41 0.67 1.28 1.95 |0.88 1.72 2.60 (1.11 .2.20/3.31 
6-way ..| 0.47) 0.16 0.50 0,66, 0,21 0.69 0.90 0.92 1.18) 0,321.21) 1.58 
Mathews 4-way . 3 (0.47/0.73 1.20) 0,68 1.07, 1.75! 0.91 1.49 2.40 [1.19 1.97 3.16)/1.49 2.51/4.00 


| | 
Gallons per Min. | 600 \ 700 | 800 ¢ 1} 1,000 


Chapman 4-way .| 4 10,36/0.97/ 1.83. 34] 1.83) 0.64/1.76/2.40 0.96/2.84 3.80 
Holyoke 4-way ..| 4 |0.49)0.76) 1.26)/0.67/1.04) 1.71) 2.26) 2.86) 1.35)2.20/3.55 

6-way ..| 4 0.16/0.50) 0.66) 0.21)0.69 0.90) 0.26.0,92) 1.18 32,121) 1.58) /0.38)1.57 1.95 
Mathews 4-way..| 4 0.68.0.84 2.07) 1,191.53) 2.72 |1.49 2.04 3.45) /1.81).... $32 


Gallons per Min. | | 


Holyoke 6-way. .| 5 0.46/0.98]1.44 0.54 1.21]1.75, 0.91 
6-way...| 6 0.540, 71/125 0.63)/0.85) LAS (0.75)1.00 1.75 0.91/1.14 2.05 


900 
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TABLE IV. 


DISCHARGE OF ONE OPEN Hyprant Burt. 


These figures apply only approximately to hydrants in general. because 


slight variations in construction, even in hydrants from the same shop, 


considerably affect the discharge from the open butt. The cuts of hy 


drants will suggest corrections, so that with good judgment results accu 


rate within from 10 to 20 per cent. may, in general, be obtained. 


Fig. 209. 


DiscHARGE THROUGH ONE Burr or HypRANT wiTHoUT 
Hose ATTACHED. (DIAMETER OF OUTLET Exactly 2} INCHEs.) 
| GALLONS PER MINUTE. 


Name or Hypranv. Hydrant Pressure indicated while Stream is Flowing, by Gauge 


attached to Hydrant as shown.* Pounds per Square Inch, 


30 35 4) 45 


526 608 678 | 743 T99 852 
Chapman No, 1......... 440 | 541 627-700 | 762 S18 
“ 547 667) 765858) 988 1,020 1,098 


= “ 8........| 552 | 678 | 776 | 861 | 928 | 986 | 1,084 | 1,077 


Chapman 3-way ........ 3871 408 581 | 598 648 701 748 792 | 834 
$63 444 573 640 680 725 | 806 
Coffin Gate 497 607 TOL TSO 850 913 


Compression ..... 501 612 709 790 860 924 985 


Corey 5-in..... 520 640 820 893 10.086 


Glamorgan 4-in......... 449 550 | 686 709 8B 
Holyoke Gate, 4-in. bb]. 500) 612), 708°) 783) 857 927 994 (1,058 |.... 
bbl. 545 | 663° 760 844 921 992 | 1,048 


Holyoke Compr'n No. 1... 512 | 628 | 723 804 &76 


Gate, 6-way....| 473 | 579 | 668 743) 805860 | 908 | 997 
533 | 653 | 752 836 912 982 1,049 ...... 


Mathews 4-way...... ...| 465 | 565 | 6383 683° 72 762 796 827 | 857 
Pratt & Cady 533 | 653 | 752 | 836 | 912 | 982 |1,049 |......].... 


* Pressure can be equally well measured by tap at back of barrel opposite outlets. 


4 

a 
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TABLE V. 


DISCHARGE OF TWO AND THREE OPEN IIyDRANT Burts. 


These figures apply only approximately to hydrants in general, because 
~ SSS slight variations in construction, even in hydrants from the same shop, 
considerably affect the discharge from the open butt. The cuts of hy 
drants will suggest corrections, so that with good judgment results accu 
rate within from 10 to 20 per cent. may, in general, be obtained. 


DISCHARGE THROUGH OPEN Burts OF HyDRANT WITI- 
out Hose ATTACHED. (DIAMETER OF OUTLET Ex 
ACTLY 2} INCHES.) GALLONS PER MINUTE. 


Hydrant Pressure indicated while Stream is Flowing, 
by Gauge attached to Hydrant Barrel as shown.* 
Pounds per Square Inch. 


NaME oF Hypranrt. 


o. of Outlets Open. 


15 


Beaumont ,158 1,327 


197 1,307 
1,448 


2 1 

Chapman No. 1......... 2 ; 1,020 | 1,178 
1 
1 


ae 


Chapman 3-way.... 2 1,074 1,223 
1,063 
1,158 


Glamorgan 4-in. 
Holyoke Gate, 4-in. bbl..... 2 ........ 

“ 6Lin. bbl 2 | 1,125 | 1,868 
Holyoke Compression No. 1.... - 5 1,278 

Gate, 6-way 2 1,152 1,326 


Mathews 4-way........ 


Holyoke Gate, 6-way..........! 
Mathews 4-way........ 3 


* Pressure can be equally well measured by tap at back of barrel opposite outlets. 


, 
| | | | 
5 | 10 a 20 25 
| 
| 
890 | 1,089 1,288 1,341 
| 940 | 1,804| 1,506 |........|........ 
| | 


EXPERIMENTS ON VARIOUS TYPES OF FIRE HYDRAN’ 


ane 


MATHEWS 4- Way Ly 
CHAPMAN 3-WAY 
CHAPMAN 4-WAY 
BEAUMONT 

CHAPMAN GATE (NO. 4 
HOLYOKE GATE 4-WAY 
MATHEWS 5 IN. | 

HOLYOKE 6-WAY | 

HOLYOKE COMPR. | 
| 


COFFIN bate 
LupLow | 
HOLYOKE GATE 41N. BBL. I i 
HOLYOKE cCOMPR| (NO. 1 
GLAMORGAN 4 IN. 


HOLYOKE GATE 5/4 IN. BBL. 


IN. BBL, 
COREY, 4 


HOLYOKE GATE 


— 


El 
BARREL 


Ews 4 way [ 
CHAPMAN 4 WAY | 
CHAPMAN 3-WAY 
CHAPMAN GATE (NO. | 
HOLYOKE GATE 4, WA 
BEAUMC 

HOLYOKE 6 


Nozzle loss shown 


HOLYOKE) 
MATHEWS 5 IN. 


ONE HOSE OUTLET, 250 GALS. PER MINUTE. 


Barrel loss shown 


HOLYOKE COMPR. 
OLYOKE GATE 
COFFIN ¢ 
CHAPMAN 
LUC 
HOLYOKE GATE 6'4 IN. B 
GLAM 
MATHEWS 4 
CHAPMAN GATE 
COREY, 5 IN. 
PRATT CADY 
CHAPMAN NC 3 
CHAPMAN NO.| 2 
HOLYOKE GATE 4-WAY 
CHAPMAN 4 
HOLYOKE 6 


Newcomb 


Friction Loss (Lbs.). 


rs. 
| 
rT IN 
3 
4 
CHAPMAN NO SS 
|_| coney 
| CHAPMAN NO = ae 
| 

| 
= | | & CADY 

wouvoke bate in. BBL.) 

| COREY SIN. L_|_| 

CHAPMAN NO. 3 

| | \peaumont 
N GATE | 

| | 

| 3 
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= 

= 
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HOLYOKEIGATE 41N, BBL. WwW Ni 
CHAPMAN GATE[UNO. 

|MATHEWS 5 IN, 
| COFFIN |GATE 
MATHEWS 4-WAY 
CHAPMAN 3-WAY L 
HOLYOKE COMmPR, (NO. 1) 

| | COFFIN compRr. 
| corey, | 
| | CHAPMAN 4-way | 
HOLYOKE pay IN. Bau 
| | GLAMoRGAN 41N. 


LupLow [| 
HOLYOKE GATE 4-way | 
PRATT, & CADY 
HOLYOKE GATE 6/4 IN. BBL. L k 
| CHAPMAN NO. 2 L. | 
HOLYOKE 6 way | 
CHAPMAN NO. 3 | 


| COREY 5 


Nozzle loss} | 
| | | Barrel loss 


APMAN GATE (NO. 1 
MATHEWS 4-Way L 
CHAPMAN 4-WAy | 
CHAPMAN 3-WAY | 
GLAMORGAN 41N. | 
HOLYOKE GATE 4-WAY 

| PRATT, & CADy | 
| CHAPMAN N@. 2 
| COFFIN GATE L 
| | COFFIN Compr. |f 
HOLYOKE GATE 5/4 IN. BBL. 

aa DLOw, L, 
| | HOLYOKE 6 WAY Li 
HOLYOKE COMPAL (NO. }) L 
| | BEAUMONT L 

MATHEWS 5 IN, 
HOLYOKE GATE 41N. BBL! 
| | JCHAPMAN NO. 3 

| COREY 

HOLYOKEIGATE 6/4 IN. BBL. 
| | | COREY 5 IN, 
| | 


| 
| | 


Nozzle loss shown 


OKE GATE 41N. BB. | 

MATHEWS | 

BEAUMONT L__ 

COFFIN GATE L 

| | COREY 41N, | 

HOLYOKE |COMPR. (NO.|1) 

| COFFIN COMPR. || 

HOLYOKE GATE IN BBL. 

HOLYOKE [GATE 64)N. BBL. LL | 

| LUDLOW) 
| 
| 


TWO HOSE OUTLETS, 500 GALS. PER MINUTE. 


Barrel loss shown 


PMAN 3-WAY 
MATHEWS 4-WAY| 


COREY 
LAMORGAN 4 IN, 
HOLYOKE 4-WAY | 
CHAPMAN GATE (NO) 1) 
CHAPMAN |NO, 3 


HAPMAN 2 


PRATT &| CADY 
CHAPMAN 4-Way | 
|__ HOLYOKE 6-WAY 


Newcomb 


: 


Friction Loss (Lbs.). 
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ISSSS 
| | WOU 
| | 
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one 
< 
MATHEWS 4-WAY |_ 
CHAPMAN 4-W 
HOLYOKE WAY | 
| DLYOKE |6- WAY 


CHAPMAN 4-WAY | 


way | 
HOLYOKE 4-way | 


HOLYOKE € 


| 
KE 4-WAY | 

CHAPMAN 4-WAY) 
HOLYOK 


Nozzle loss shown 


FOUR HOSE OUTLETS, 1000 GALS. PER MIN. 


CHAPMAN 3-WAY] 
MATHEWS 4-Way | 
HOLYOKE 4 way | 

CHAPMAN 4-way | 


HOLYOKE 6-WAY | 


MATHEWS 4 


CHAPMAN 4-WAY | 
CHAPMAN 3} WAY |. 
HOLYOKE 4-way | 
HOLYOKE 6-WAY 


In Totals, Barrel loss shown 


CHAPMAN 3-WAY | 
MATHEWS 4-WAY | 
| HOLYOKE 4-WAY 
CHAPMAN 4-WAY 
HOLYOKE 6-WAY 


THREE HOSE OUTLETS, 750 GALS. PER MIN. 


Newcomb 


ts 


~ 


Friction Loss (Lbs.). 
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DISCUSSION 


OF RESULTS. 


The data and results being presented in full give ample 
chances for complete studies. Under these conditions detailed 
comparisons of the different hydrants have not been considered 
necessary or wholly desirable. A few general features may, 
however, be considered to advantage. 

Barrel Loss.—The best point of comparison for the two-way 
hydrants is with two hose outlets in use and 500 gallons per 
minute flowing, as this represents the full normal capacity of 
the hydrant. Similar full-capacity points should be taken in 
comparing the larger hydrants. 

To make clear the composition of the so-called barrel loss, 
the following table has been made and shows about how much 
of this loss occurs in the barrels proper. The figures show at 
once that a large part of the loss must be in the gate, and the 
sharp turn just beyond it, thus suggesting where to look for ex- 
planation for part of the large difference found. The distance 
from the centre of the main gate to the centre of the nozzles is 
on the average hydrant about 65 feet. The following table gives 
approximately the friction loss in 65 feet of clean, straight cyl- 
indrical pipe of about the same smoothness as the inside of the 
average hydrant barrel. 


Frierron Loss 1x ¢¢ FEET. Pounps per Square INcu 


Nominal Diameter 


Gallons per Mi 2 F ing. 
of Pipe (inchca). illons per Minute Flowing 


250 500 


750 000 


0.11 0.41 0.62 54 
5 0.037 0.138 0.22 0.50 
6 0.012 0.059 0.098 0.21 
8 0.004 0.016 0.0384 0.058 


This table was made up from tests on ordinary new clean 
wrought-iron pipe, with 25 per cent. added to the wrought-iron 
pipe figures for the somewhat greater roughness of the inside 
of the average hydrant casting. The 25 per cent. was an as- 
sumption based on general experience with pipes of various 
degrees of roughness. 

Comparing on the pyramid diagrams hydrants having two 


| 
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23-inch. outlets, the difference in barrel losses is seen to be 
large. It is at once apparent that the 4-inch gate * and barrel 
are too small for a two-stream hydrant. A 4-inch barrel and a 
discharge of 500 gallons per minute mean a velocity of about 
13 feet per second, so that a short length of barrel with the 
smoothest sort of a turn at the bottom develops an unreason- 
able loss, and this loss becomes: still larger with the ordinary 
gate arrangement and sharp-turn bend. 

Comparing further the hydrants which have about the same 
general dimensions, the difference in loss is considerable. This 
must be accounted for largely by differences in the design of 
the gate and the water passages in the immediate vicinity. 
Sharp corners, restricted sections, and sudden changes in the 
area of the passages all tend to produce eddyings, which use up 
pressure. 

Nozzle Loss.—As already stated, the nozzle losses are pure 
friction losses, full correction for velocity having been made. 
To compare the outlets themselves, looking at them as simple 
nozzles, the condition with one stream on and 250 gallons per 
minute flowing is the best point. Studying the lesses and the 
cuts together, the effect of sharp, jagged corners at the outlets 
is immediately seen, and the very material reduction in loss by 
even a slight rounding of the outlet is apparent. 

Considering the hydrant as a whole, by taking the conditions 
with all of the outlets in use, it is seen that the average nozzle 
loss when all are in use is generally greater than with a single 
outlet in use. Separate tests on the two outlets of several hy- 
drants showed a difference in loss with the same quantity flow 
ing. This would account for a small part of the difference 
between loss with one outlet in use and with all outlets in use. 
Most of the difference is, however, undoubtedly due to the in- 
crease in choking and eddying effects at the top of the hydrant, 
with the higher velocities. A part of this is due to reactions 
from the eddies at the outlets and a part to the construction of 
the hydrant head. 

The somewhat high losses with the Beaumont hydrant, con- 
sidering the rounding outlets, is probably due to the fact that 


*Tt was desired to have tests on some 4-inch-barrel hydrants to make the 


data complete, though most of the manufacturers would in general furnish 
larger barrels for two outlets. The 4-inch hydrant is, however, occasionally 
used, 
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the gauge connection was necessarily several inches below the 
outlet, so that there was considerable length between the gauge 
connection and the outlet, in which length some ordinary fric- 
tion loss would occur. 

Total Losses.—The total-loss pyramid shows the relative ob- 
struction caused by the different hydrants taken as a whole. 
The part of this due to the barrel has been cross-hatched and 
the part due to the nozzle left white, thus showing at a glance 
the relation of the two factors making up the total loss. 

It is desirable that the waste of pressure through a hydrant 
should be as small as it is practicable to make it. In high- 
pressure systems the losses found for the average hydrants are 
perhaps tolerable, but in lower-pressure systems—and many sys- 
tems having a nominally high pressure become low under heavy 
draughts—every avoidable loss is objectionable. In the hydrants 
without independent gates, a simple rounding of the corners of 
the core at the outlet will make a material improvement in the 
nozzle losses. Reduction of loss for independent gate hydrants 
is more difficult, but some improvement is probably possible 
without serious trouble. The fact thatsome makers have found 
out how to reduce the barrel losses, so called, to comparatively 
small amounts is good working ground for improvements in 
those hydrants now having rather large losses. 

It is not to be understood that this frietion loss is the eri- 
terion for a perfect hydrant. Certainty of action under all con- 
ditions is of the greatest importance, but, other things being 
equal, the hydrant having the smallest total friction loss when 
working at its full capacity is the best. 


WATER-HAMMER TESTS. 

To get some measure of the water-hammer cffect, caased 
when a hydrant is quickly shut down, the following apparatus 
was devised : 

An indicator was attached to the connection in the 6-ineh 
hydrant inlet which had been used by the U-tubes. The drum 
of this indicator was operated by clockwork in the manner 
shown in Fig. 210, and was so adjusted as to revolve once in from 
34 to 4 minutes. A small weight and cord kept the pencil in 
contact with the paper during the taking of a card. Fig. 159 also 
shows the rig on a smaller scale. 

Two lines of hose were taken from the hydrant under test to 
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the meter nozzle, and the hydrant gate opened wide. A 1jy-inch 
nozzle was used, and the pressure set at about 43 pounds by 


Fig. 210.—APPARATUS For TAKING WATER-HAMMER CaArDs. 
adjusting the gate on the inlet pipe at the entrance to the build- 
ing. This gave a discharge of approximately 600 gallons per 
minute, which was considered a fair rate of flow for these tests. 
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At a given signal the indicator cock was opened, the clock- 
work set in motion, and time taken. After running steadily for 
about one-fourth of a minute, the hydrant valve was quickly 
closed ; that is, it was closed as quickly as an active man could 
close it, using an ordinary hydrant wrench. 

As soon as steady conditions were restored, the valve was as 
quickly opened again. This was repeated two to three times dur- 
ing the time that drum of indicator was in motion. Any variation 
of pressure caused by this closing or opening of the valve was 
recorded on the card. The time occupied in closing, and also 


* 
MATTHEWS COMP, TEST | | HOLYOKE COMP, 
NO.71-72-78 is NO. 89-90-91 NO. 100-101-102 10 

} + } 
NOV. 29, '97 ? ? NOV. 29 90 12 16 DEC. 22, '97 | 108 
SPRING 80 02 


NO. OF TURNS TO OP } 0 TURNE® TO OPEN 10 


PRATT & Cady comp. 


SPRING 80 
NO.OF TURNS TO OPEN ‘245 


©orEY s'come. 

WO. 132-133-134 

WEC. 22, 97 22 
+ + + 

SPRING 80 134 10 | SPRING 80 

WO. OF TURNS NO.OF 


TURNS TO OPEN 2 
TO OPEN 14° 


COREY 
0.31-32-35 
WOV. 19, ‘97 
SPRING 80 

WO. OF TURNS 
TO OPEN 146 


NT 4 GATE 
121-122 


LUDLOW GATE 4 HOLYOKE GATE TEST | 7,08 | OF CHAPMAN GATE 
“118-199 | NO.20-21 | i NO. 46-47-48 

DEC. 22, '97 165° | | NOV. 18, '9 NOV. 19, ‘97 

SPRING 80 119 ee SPRING 80 


= * SPRING 80 
NO. OF TURNS TO OPEN 37 NO.OF T 


URNS TO OPEN 15 NO. OF TURNS TO OPEN 1639 


990 r 
71 | 


* Gate went hard near end of closing, preventing normal water-hammer action, 


Fig. 211.—WATER-HAMMER CARDs. 


in opening, was taken by a stop-watch, so that some comparison 
can be made between the treatment given any one hydrant and 
another. Sample cards from the various tests have been picked 
out, grouped, and directly reproduced in Fig. 211. In getting 
this reproduction the delicate lines made by the pencil point of 
the indicator were carefully gone over with ink so as to get a 
eard which could be photographed. 

This method of measuring cannot show just what the actual 
pounds rise of pressure in any particular case would be. as this 
depends on the arrangement of piping supplying the hydrant, 
and the drafts of water in the system independent of the hy- 


wine we 
20 
d 
| 3 
112, 
; = 
COME COFFIN COMP. TE 
+ “4 + + * 
10 108 3 NO. 83-84-85 3 15 
10 125 NOV. 29, | ta” | 
3 NO.OF TURNS TO OPEN '! 
os 
100 
[ rest | COFFIN GATE | Se] BEAUM [ tesr oF 
32 ‘ NOV. 19, ‘97 3 16 DEC. 22, 97 | 144° | 18° 
33 | SPRING 80 | 17" | 135") SPRING 80 | 122 | 18% 14° 
132 NO.OF TURNS TO OPEN 24 0. OF TURNS TO OPEN 13 
100 97 
70 72 | 10 
3 Min. 3 MIN, min. — 
Terr 
} 47 | 10 12 
+ 
48 10 10; 
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drant draft. It does, however, give a rough means of compar- 
ing the different hydrants. 

The cards show that the gate hydrants give generally con- 
siderably less water-hammer than the compression type.* 

It was stated in explanation of the large hammer effects 
found in one of the special type of compression hydrants that 
firemen demand a hydrant which will give the full pressure at 
the earliest possible moment, so that a quick movement was 
purposely designed. It is firmly believed that in the long run 
it will be very much better to insure the safety of water mains 
by avoiding heavy water-hammer effects than to gain a few 
seconds of time at the risk of crippling the distributing system, 
very likely at the critical point of a fire. 

In several of the compression hydrants a vibrating effect was 
noticed during the opening of the valve. This was apparently 
due to a chattering of the valve, and produced a rather undesir- 
able water-hammer, as it had the effect of a series of quick, sharp 
blows. 

CONSTRUCTION, STRENGTH, ETC. 

Time prevented carrying on this part of the work as thoroughly 
as was desired, so that only partial results were obtained for 
some of the hydrants, while on most of them a considerably 
further study of construction and general features would have 
been desirable. What data were obtained is shown in Table VI., 
about which the following explanations may be made : 

Column 3.—The inside volume of the hydrant is the volume 
between the main gate and the caps on the nozzles. This was 
obtained by filling the hydrant completely full of water and 
computing the volume from the weight of water. 

Column 4.—The time to drain the hydrant was taken from the 
instant the main gate was closed. Facts which developed as 
the tests progressed from the ordinary handling of the hydrants 
tended to show the desirability of having positive-motion drip- 


* The comparatively small hammer shown by the Coffin Compression is 
probably explained by the special double-beat valve, which is designed to give a 
more gradual closing than is ordinarily obtained with the compression type of 
gate. 

The small hammer shown by the Pratt & Cady Compression is probably 
largely due to the fact that, when near the point of closing, the stem began to 
go hard, preventing a quick shutdown. The results are, therefore, not fairly 
comparable with the other hydrants. In the other hydrants the force required 


to open and close appeared about normal. 
36 
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valves. Two of the hydrants had not positive drips, and in 
both of these the drips got out of order and failed to close when 
the main valve was open. The importance of having an abso- 
lutely reliable drip-valve, so as to reduce the chances of freez- 
ing to a minimum, must be apparent to every one. 

Columns 5 and 6.-The hydrostatic tests were made with an 
ordinary high-pressure hand pump, which is shown at one 
corner of the room in Fig. 5. The aim was not to break any- 
thing, but to see how the hydrant would act with a considerable 
increase of pressure above the normal. ‘able VI. shows the 
results in full. 

Column 7.—-A broken or twisted valve stem is not an un- 
common result of the excitement of a large fire. Sometimes a 
hydrant sticks, or a mistake is made in the direction to turn for 
opening or closing. Often in such cases, if one man cannot start 
the hydrant, two or more men take hold. In this connection it 
is somewhat surprising that so far as known no one has yet 
made a hydrant which is not liable to serious damage if a 
forcible attempt is made to turn it in the wrong direction, 
either opening or closing; something accomplishing what the 
ratchet on a stem-winding watch accomplishes seems possible 
and greatly preferable to the simple limit of breaking strength. 
Such a device might also give the fireman immediate evidence 
that he was wrong, thus saving time. A hydrant cannot be 
expected to stand unlimited abuse, but to get some idea of the 
ability of the hydrants to withstand such usage the following 
tests were made: Two ordinary men were instructed to open 
each hydrant, using the regular hydrant wrench, which is 17 
inches long, exerting their maximum strength in an effort to 
open the hydrant beyond its natural limit. If no injury resulted 
they closed the hydrant, exerting again their maximum strength 
after the hydrant was completely shut. 

These tests therefore took the strength of two ordinary men 
using a wrench of definite length as the measure of the force 
applied. It is not exact in any way, but gives some results 
which, in a practical way, are somewhat useful. 

In most instances some injury was done to the hydrant, the 
stem generally being the point to give way, though in one case 
the bottom of a hydrant was actually pushed out by attempting 
to open it beyond its natural limit. 

Durability and Repair.—Time did not give a chance for any 
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complete tests on the durability of the working parts of the 
hydrant, but starting with the assumption that a hydrant might 
be opened on an average ten times a year, and should be good 
for a service of at least twenty years, each hydrant was opened 
and closed 200 times. No special derangement or wear resulted, 
except in two cases, in which the stuffing-box nut on top of the 
hydrants showed a tendency to work loose. 

In a number of the hydrants the design has been made with 
the idea of facilitating repairs. In some cases this resulted in 
considerable restriction to the waterways. It is believed that 
in most cases, by keeping the desirability of free waterways in 
mind, ability to make quick repairs can be combined with 
smooth, free waterways. In this connection the friction-loss 
tests will be of value in showing what can be done and what 
should be avoided. 


METER 


TESTS. 


As previously stated, the two large meters used in the open- 
butt tests were calibrated by the nozzles, the quantities by the 
nozzles being assumed to be correct. This calibration work was 
done in connection with the regular tests, but has been tabulated 
independently, and the data in full are given in Tables VIT. and 
VIII. From these data, a curve was plotted for each meter with 
nozzle readings for one codrdinate, and meter readings for the 
other (see Fig. 212). From this curve the corrected meter read- 
ings were taken directly in working up the open-butt tests. 

The arrangement of the apparatus gave an excellent oppor- 
tunity to determine the obstruction to the flow of water ; that is, 
the friction loss caused by the meters. As this may become an 
important feature where handling large quantities of water, and 
as data on large meters with high rates of flow are not very com- 
plete, a few tests were made to determine this loss. The method 
of testing followed was similar to that employed in the series of 
meter tests reported by Mr. E. V. French in the Journal of the 
New England Water-Works Association.* A gauge connection 
was tapped into the 6-inch pipe at each side of the meter and a 
short distance from it, the connection being arranged the same 
as those at the inlet pipe of the hydrants. Between these two 
connections a mercury U-gauge was attached, and the friction 


**« Losses of Pressure Caused by Meters in Factory Fire Supplies,” Journal 
of the New England Water-Works Assdéciation, Vol. XXII., No. 2. 
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loss caused by the meter with various rates of flow was read 
directly from this gauge. The loss in the short lengths of the 
G-inch pipe between the gauge connections and the meter is 
included in the meter loss, as it was too small to be of practical 
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importance. This data also appear in full in Tables VII. and 
VIIL., and the results have been plotted on Fig. 213, with the 
gallons per minute as one codrdinate, and the losses in pressure 
in pounds as the other. 
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The question is sometimes raised as to what would happen if 
the moving parts of a meter became blocked, an accident which 
may happen where a fish-trap is not provided with the meter, 
and which is a possibility under some conditions even where a 
fish-trap is used. After the hydrant tests were completed, a few 
experiments in this line were made with the Neptune meter, the 
owners having kindly consented that any sort of tests should be 
made with it, regardless of the results. The cover was removed 
and wooden wedges inserted, so as to hold the dise in various 
positions. It was found that it could be blocked so that almost 
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no water could go through it, and that any degree of obstruction 
between this and a free opening could be obtained. With the 
meter blocked in various positions, full water pressure was 
turned on behind it, to see if anything would be broken or 
sprung; and when in the position where practically no water got 
through the meter, the pressure warped the disc, though not 
enough to appreciably increase the flow of water, 
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TABLE VIL. 


TESTS ON 6-INCH WORTHINGTON WATER METER. 


> 

Diam. Pee Gallons mortal Gallons; 

Test Date of Duration of Nozzle per Cubic = 3 
No Test | of Nozzle Minute ect te Minute ~ aa > 
| Test Corrected by Meter. by = 
Inches. > Nozzle Meter. 

Pounds. 
| | © 


| 


489 1144; | | 46.49) 255 | 400 | 255] 0 | 1.29 
490 11/29 1; | 58.18 340 500 26 |+14 | 2.22 
491 10/014 19 | 24.14 158 600 448 | +10 4.24 
492 | 10) 112 2 17.44 518 700 514 4 5.41 
493 a 10) 24 1 64.60 75 500 360 15 2.75 
494 os 10| 423 13 30.34 | 514 700 488 6 | 5.18 
495 | x 10,08} 13 44.63 623 800 590 3 7.45 
496 | 10) 553 2 33.84 1,000 684 38 10.00 
497 | 10} 123 24 16.87 848 1,100 806 42 13.80 
498 | 10 403 24 25.53 1,044 | 1,400 gsi 63 | 18.50 
499 | 11/12 65.66 134 200 134 0 0.50 
500 “ 11/524 | 1} 46.07 | 254 400 252 2 1.31 
501° Dec. 11, 1897, 38? 51.77 3356 500 321 15 | 2.82 
502 os | 13) 263 13 23.87 457 800 445 12 4.17 
503 si 10/128 | 2 17.23 | 516 700 512 4 5.55 
509 S 11/11 I 65.68 | 1384 200 13 0 0.50 
510 as 11,53! 1k 45.73 | 254 400 252 2 1.40 
511 11) 324 13 52.96 340 500 323 7 2.29 
512 re 10 064 13 23.95 457 600 444 13 4.18 
513 ne 1002 2 18.356 531 700 522 9 5.85 
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CURVES AND DATA SHEETS. 


The curves and data sheets for all tests are arranged in the 
order given below : 

Plates I. to XXII. (Figs. 162 to 183, inelusive).—Friction 
losses in the barrels, and in the hydrant as a whole, with various 
rates of flow. 

Plates XXIII. to XXYV. (Figs. 184, 185 and 186).—Discharg- 
ing capacity of open butts for varying pressures at the top of the 
hydrant barrels. 

Data Sheets for All Tests.—These sheets give the fundamental 
data of the tests and the main steps of the computations. The 
friction-loss tests are arranged in alphabetical order in ac- 
cordance with the names of the hydrants; the open-butt tests 
follow and are arranged in order of test numbers, i.e., chrono- 
logically. 
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DCCCXII.* 
THE MANUFACTURE OF CAR WHEELS. 


BY G. R. HENDERSON, SCHENECTADY, N.Y 


(Member of the Society.) 


LIkE other branches of mechanical industry, the manufacture 
of chilled iron car wheels has been a gradually progressing sci- 
ence. Fifteen years ago it was customary to purchase and 
supply wheels to railroads on a mileage guarantee, the only 
restrictions as to quality being the depth of chill and the size, 
shape, and weight of the wheel. 

Certain mixtures were used by the founder which were known 
by experience to produce a given chill, and this and the color of 
the fracture, with perhaps the mileage records, were his guides 
in continuing his work. Chemical analyses of the pig iron and 
the finished output were considered unnecessary, if at all con- 
templated, and the irons, both coke and charcoal, were bought 
by fracture and chill. Some founders used a certain percentage 
of steel scrap, but this never became, as far as the writer knows, 
common practice. 

Now all this is changed; the progressive wheelmaker buys 
his irons on specifications, and checks them by chemical analy- 
sis, and every heat is tested physically and chemically. Ree- 
ords are kept of the strength and resilience of the various irons 
on the market, and of the manner in which his wheels fail, and 
as many as possible of these are examined in order to avoid 
duplicating unsatisfactory products. 

The actual shape of the wheel has undergone little change 
from the original Washburn section, except in the matter of size 
and weight, but we have every reason to believe that the older 
wheels cannot be compared with modern wheels in strength or 
endurance. A seeming inconsistency may be occasioned by a 
long life of old wheels, but it must be remembered that no such 


* Presented at the Washington meeting (May, 1899) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the Transactions. 
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weight was then carried as is now the practice, where every 
effort is made in the interest of economical train movement. 

Having been requested to speak on this subject, I will there- 
fore endeavor to present some points about the manufacture of 
wheels which have come under my observation and which may 
at least lead to a discussion of this interesting question, to the 
mutual benefit of the members and the writer. 

About the time when the drop test was first introduced the 
writer was assistant superintendent of a railroad shop which 
contained a foundry making 100 wheels per day. The intro- 
duction of this test, and the failure of a number of wheels in 
service about that time, caused him to make efforts to secure 
a stronger casting. Each day test bars were made along with 
the wheels, and these were subjected to transverse test, and a 
graphical record kept of the same, as shown by Fig. No. 214. 
The bars for this purpose were 2 inches square by 24 inches 
long, and were placed on supports 21} inches apart, and a centre 
load applied. As one-half the bars were chilled, it was con- 
sidered that a 2-inch bar was a proper size to illustrate the 
chilling qualities, without becoming white through and through, 
and the span was fixed at 21} inches, so that when the proper 
deductions were made for the span and modulus of section the 
corresponding direct stress was exactly four times the centre 
load, thus facilitating the preparation of the form for recording 
the tests. 

The bars of wheel iron so tested should stand a centre load 
of from 12,000 to 14,000 pounds before breaking, this corre- 
sponding to a maximum fibre strain of 48,000 to 56,000 pounds 
per square inch. The deflection at the moment of breaking is 
also of great importance, and there are wide differences between 
various irons in this respect. While the strength of the metal 
indicates a power to stand pressure, we need the resilience to 
withstand shocks. A ready means of comparing the relative 
resilience of different irons is derived from the curve shown in 
Fig. 214. As the ordinates represent loads and the abscissie de- 
flections, the area bounded by the axis of abscissx, the ordinate 
passing through the final point of the curve (i.e. the ordinate 
corresponding to the final deflection), and the curve itself will 
represent the work done or absorbed by the test bar up to the 
breaking point; and for quick comparisons the small rectangles 
into which the sheet is divided may be counted within the 
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boundaries above mentioned. Good wheel iron will give curves 
with an included area of from 150 to 200 of the small rectangles, 
and a total deflection of 0.2 inch at centre. Of course these 
comparisons can only be made with bars of the same size and 
under the same conditions. 

This same treatment has been accorded to unmixed pig iron 
of the various grades suitable for wheel founding, the pig being 
melted separately in a small experimental cupola, and from 
these records the wheel founder makes his selections. The 
curves present to the eye a meaning easier to grasp than mere 
figures, and when bound together in a book comparisons can be 
quickly and accurately made. The amount of chill and shrink- 
age is also noted, together with the color of fracture and the 
chemical analysis of the iron. 

As the composition of different shipments of iron from the 
same furnace will vary greatly, it naturally follows that the 
strength and chilling properties are not always the same. 

It happened not long ago that a certain iron, which had pre- 
viously given good results, became almost unfit for use, princi- 
pally by reason of a great decrease in the amount of manganese. 
At one time this would probably not have been considered of 
such vital importance, but the fact has recently been well estab- 
lished that a certain amount of manganese is necessary in order 
that a wheel shall successfully stand the thermal test; it also 
seems to increase its strength under the drop test. 

We have now seen that the wheel founder of the present day 
has the results of chemical analysis and physical tests of 
the unmixed iron and also of the mixture, as well as the results 
of the drop and thermal tests, to guide him in his work. The 
tests of to-day’s heat are carefully studied by him in order that 
any defects may be corrected to-morrow. For this reason it is 
important that the analysis and deflection test should be placed 
in his hands early. 

The drop and thermal tests cannot be made until the wheels are 
taken out of the annealing pits, a period of from five to eight days. 

But this is not all. These tests are intended to show us 
quickly what kind of service we may expect from our wheels 
when under the cars, and the records of the life and failure of 
wheels in service are of the utmost importance. The actual 
mileage of a wheel under a freight car is a difficult thing to 
obtain ; that is, it requires considerable labor, especially when 

40 
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the number of wheels in use runs up into the hundred thou- 
sauds. For this reason the life of wheels is often kept by 
months; and while this does not take into consideration the time 
spent in the repair yard or on the side track, it has the ad- 
vantage of being very easily obtained. 

As new wheels are made, the foreman of the foundry makes a 
daily report, giving the whecl numbers and the mixture used. 
The former are entered in a book which contains the serial 
wheel numbers, and the latter are entered in another book 
which later has the result of the drop and thermal tests recorded, 
as well as the depth of chill, shrinkage, ete. When the wheels 
are mounted on the axles a report is made weekly of the 
numbers and place at which this work was done,and this is 
entered in the book with serial numbers. Each week a report 
is also made from each point at which wheels are serapped, 
giving the number and the cause; and when these are also 
entered, we have a complete record of dates and places of the 
“birth, marriage, and death” of each wheel. 

This record is a most interesting one, as it gives the service 
which the wheels perform. Samples of the several forms 
referred to, both for making the reports and recording the in- 
formation, are presented further on. 

In looking over such a record it is at once apparent that a 
large number of wheels are always damaged by improper han- 
dling or usage. The proportion of s/¢/-7ut wheels has been very 
large heretofore; we hope that the more general use of air 
brakes will effect an improvement in this line. Chipped flanges 
and worn flanges are also not generally chargeable to the wheels 
themselves. 

What most interest the founder are those which are scrapped 
for cracked plates, cracked brackets, and broken-to-pieccs, as these 
show improper manufacture in the majority of cases. As the 
Master Car Builders’ regular guarantee is for forty-eight months, 
all wheels which run over five years may be considered as giy- 
ing good service; and if these wheels can be obtained, the study 
of their analysis is very beneficial. Therefore, wheels giving a 
very short service or a very long one should be carefully in- 
spected and analyzed, as they will show the bad and good 
features in a much more forcible way than drop or thermal 
tests. Mr. W. W. Davis, chemist of the Norfolk & Western 
Railway, who with the writer has given much attention to this 
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subject, analyzed a large number of wheels giving a long or 
short service or tested by the drop or thermal methods, and we 
present the results of some of his work : 


ANALYSES OF Can WHEELS, 


| 
Thi : 1 Which Stood 40 or Which Gave 5 or 
Which Stood Ther- - 
al Te > P More Blows Drop More Years of 
mal Test for $0 Mins. Test. 


Min. | Ma: Max. Min. 
Graphite 3.2 2.65 3.18 2.2% 
Combined carbon 1.24 | .56 
Silicon | 26 1. 94 58 
Sulphur 055 : O85 OAT 


It will be seen that these limits are rather wide, but below are 


given what are considered to be the desirable limits for the 
chemical constituents of wheels: 


DESIRABLE WHEEL ANALYSIS. 
Graphite oe 2.75 per cent. to 3.00 per cent. 
Combined carbon 
Silicon 


75 
50 


Manganese 20 


By comparing the above with the analyses of a large number 
of wheels it was found that these limits excluded those which 
broke through rim in ten minutes or less under the thermal test ; 
broke with twenty blows or less under the drop test; or gave less 
than two years’ service. This last is important, as a wheel can 
easily be made to stand strains, but the wear will be unsatis- 
factory, and the metal must have enough chill to stand the 
abrasion of the track. It is possible to obtain a chill three- 
quarters of an inch deep on the tread with these proportions. 

The analyses of seven wheels which had given from eight to 
eleven years service each had the following limits : 

Graphite 


2.56 per cent. to 3.10 per cent. 
Combined carbon 6: if 
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Fig. 216 shows the comparison between chemical analyses of 
pig iron and of the test bar made by remelting the pig in a 
cupola by itself. Twenty-seven different irons were. examined 


{ 


ea CHEMICAL PROPERTIES OF WHEEL IRONS. | 
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G.R.Henderson 


in this way. The solid line represents the analysis of the pig 
and the broken line that of the test bar. It will be seen that 
phosphorus remains constant, as does silicon when present in 
quantities under one per cent., whereas some of the manganese 
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always disappears. The total carbon remains the same, but the 
proportions of graphitic and combined carbon seem to vary in 
an erratic manner. This is evidently due to the effect of the 
chill, as the analyses were made from the chilled test bars when 
possible, and the great increase in combined carbon in tests 
Nos. 11, 12, and 22 may be accounted for by the fact that they 
chilled clear through the two inches. 

From the above it will appear that the metal charged into the 
cupola should contain more graphite, silicon, and manganese and 
less combined carbon than are desired in the finished product. 

If the iron in stock is deficient in manganese, the proper 
amount can easily be added to the mixture in the ladle by the 
use of ferro-manganese containing about 80 per cent. manga- 
nese, 13 per cent. iron, and 6 per cent. carbon (combined). The 
use of large proportions of scrap makes this particularly useful, 
and it is of great assistance in enabling the wheel to stand the 
thermal test and consequently the strains from severe braking 
when in service. 


Indeed, cracked plates are almost a thing of the past with 
foundries keeping the manganese up to the limits prescribed 


above, where previously much trouble was due to that cause. 
To overcome this it appears that one-quarter of one per cent. 
should be present in the wheel. Ferro-manganese, however, 
seems to reduce the chill by increasing the graphitic carbon, as 
Fig. 217 will show, and this must be allowed for in proportioning 
the charge for the cupola. The combined carbon is partly 
changed to graphite, but not entirely in proportion to the amount 
of ferro-manganese used. 

The experiments from which results Fig. 217 was constructed 
were made by filling small ladles containing different propor- 
tions of ferro-manganese from a large ladle which had been 
filled with the regular wheel mixture, and casting test bars from 
these small ladles. The effect of this is plainly illustrated 
both in altering the structure of the iron and the condition of 
the carbon content. 

In preparing specifications for charcoal irons the difficulty 
of obtaining limits which should be perfectly satisfactory was 
not underestimated. It is therefore hoped that these will be 
criticised more as representing an effort to compass a compli- 
cated subject than as an absolute specification which has stood 
the test of time. 
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INFLUENCE OF MANGANESE ON CARSON. 


GRAPHITIC CARBON, 


MANGANESE BY ANALYSIS, 


% Ferro-Mang, added, 
G.R. Henderson 


Fic. 217. 


Charcoal Pig Tron. 


“The material desired under this specification is a charcoal 
iron with chilling properties as designated below, the vinous 
grades to conform to the detail specifications : 


Grade. Chill. ¢. 


9 
~ 


2.50-3.00 .40- .90 
2.25-2.75 .50-1.0) 

on 


25 -.90-1,49 


Mn. Ss. 
.50-1.00 Max. 
.50-1.00 .038 ‘* 
.50-1.00 
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“The chill is to be measured in a test bar 2 inches square by 
24 inches long, the chill piece to be so placed as to form part 
of one side of the mould. The actual depth of white iron will 
be measured. The white and gray portions should blend with- 
out a definite line of demareation. The test bars will be made 
by melting in a small cupola several pigs of the shipment 
without admixture with other irons. 

“The chemical proportions given above are the amounts of 
the constituents desired in per cents., and will be determined by 
the analysis of mixed borings in equal quantities taken from 12 
pigs from each car. 

“Tn addition to the chilled test bars above mentioned, some 
unchilled bars of the same size will also be made. These will 
be placed upon supports 21} inches apart. A centre load will 
be applied and the deflection measured. The bar should not 
break with less than 9,000 pounds, and the deflection at centre 
with this load should not be less than 0.15 inch.” 

While charcoal iron is the principal ingredient in car wheels, 
it is often advantageous to use a small amount of coke iron, and 
the following specification is therefore submitted : 


Coke Pig Iron. 


“The material desired under this specification is an open- 
grain foundry pig conforming to and graded by the following 
detail specifications : 

Grade No. 1, Silicon from 3.00 per cent. to 2.50 per cent. 


“Tron will be rejected which shows : 


Combined carbon below .10 per cent. 
Graphitic carbon below... ... 3.00 


Manganese beiow .... .00 per cent. or above .80 per cent. 
Phosphorus below | 
Sulphur above 


“Should the silicon vary from standard grading, the next low- 
est grade under the specifications will be paid for, and should 
the silicon fall two grades low the material will be rejected. 
No higher grade is desired and no excess price will be paid for 
higher silicon. 

“ Samples of twelve pigs will be taken from each car, two from 
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the top of each end, two from the middle, and two from the 
bottom. The borings will be mixed in equal quantities and the 
resultant sample represent the shipment.” 

Reference having been made to the drop and thermal tests, 
it may be well to conclude this paper with a specification for 
‘ar Wheels, which will give the details of these tests for ready 
reference. 

33-inch Cast-Iron Wheels. 

“The design of wheels must be such that they will be in accord- 
ance with the measurements shown on the drawings for 33-inch 
wheels, and also such that the wheels when cast shall weigh 
between 590 and 610 pounds. The tread and flange are to be 
identical with the M. C. B. standard section for same, and the 
flange thickness must pass the M. C. B. gauges for same. 

“Wheels must all be cast in true metallic chills of the same 
internal diameter and of uniform cross-section. The body of 
wheel must be of clean, soft, gray iron, and smooth, and free from 
slag and blowholes, and hubs must be solid and free from 
drawing. The tread and throat of wheel must be smooth, free 
from deep and irregular wrinkles, slag, and sand-wash, and 
practically free from chill cracks and sweat. The depth of clear 
white iron must not exceed Z inch at throat and 1 inch at mid- 
dle of tread, nor be less than 2 ineh at throat and 3 inch at 
middle of tread. Neither should there be a variation through- 
out the same wheel of more than } inch in depth of chill. The 
blending of the white iron with the gray iron behind it must be 
without any distinct line of demarcation. 

“Each wheel must be so nearly circular that when a true 
metallic ring is placed upon the tread, and bears somewhere on 
the cone, it shall at no part of the circumference stand more 
than ,'\, inch from the wheel tread. No wheel made in a solid 
chill will be accepted whose circumference differs more than 13 
inches or less than Z inch from the circumference of the chill in 
which it is made. Wheels cast in contracting chills should not 
(differ in cireumference more than 2 inches from that of the chill. 

“ All wheels must, during inspection, receive three heavy blows 
with a 6-pound sledge at as many different points under the 
flange, between the brackets, without cracking flange or brackets. 

“Each wheel must also be capable of standing a pressure of 
50 tons when being mounted on the axle. 

“For each pouring of 100 wheels, or fraction thereof, two addi- 
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tional wheels must be furnished for test purposes. These 
wheels shall be selected by the inspector, and subjected to the 
following test: One wheel shall be placed flange downward on 
an anvil block weighing not less than 1,700 pounds, set on 
rubble masonry two feet deep, and having three supports not 
more than 5 inches wide for the flange of wheel to rest upon; 
it shall be struck centrally upon the hub by a weight of 140 
pounds falling from a height of 12 feet. Should this wheel 
stand 15 blows without breaking in two or more pieces, the lot 
of 100 may be accepted (as far as this test is concerned), pro- 
vided that the broken wheel shows proper depth and uniformity 
of chill; also subject to return if the wheels do not satisfactorily 
stand boring and mounting, as explained above. Should the 
wheel break in two or more pieces with fifteen or less blows, the 
lot of wheels represented by the one tested will be rejected. 

“The other test wheel must be laid flange down in the sand, 
and a channelway, 1} inches wide and 4 inches deep, must be 
moulded with green sand around the wheel. The clean tread of 
the wheel must form one side of this channelway, and the clean 
flange must form as much of the bottom as its width will cover. 
The channelway must then be filled to the top with molten 
vast iron, which must be hot enough when poured so that the 
ring which is formed when the metal is cold shall be solid or 
free from wrinkles or layers. ‘The time when pouring ceases 
must be noted, and two minutes later an examination of the 
wheel must be made. 

“Tf the wheel is found broken in pieces, or if any crack in the 
plate extends through the tread, the 100 wheels represented by 
the test will be rejected. 

“ Wheels may be dried before submitting them to the thermal 
test, but must not be warmer than 100 degrees Fahr.” 


DAILY REPORT OF WHEELS MADE. 


On 18 
Wheels were made at Foundry as follows: 
MIXTURE 
Wheel Numbers.) Diameter Kind of Chill 
} Iron. No. Per Cent. 


[Eleven lines. ] 


Wheels Spoiled. 
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REPORT OF WHEELS MOUNTED. 


At Shop during the week ending Saturday 18 


Number. Number. Number. Number. Number. Number. Number Number 


[Sixteen lines. 


REPORT OF WHEELS SCRAPPED. 


At _ during the week ending Saturday 18 


Wheel No. Defect. Wheel No Defect. Wheel No * Defect. 
| | 


Fourteen lines. 


Classify defects as follows: Shelled Out, 
Slid Flat, Seams, Worn Out, Worn Flange, 
Worn Hollow, Burst, Chipped Flange, 
Chipped Rim, Cracked Tread, Cracked 
18 Plate, Cracked Brackets, Broken to Pieces. 


WHEEL Drop Test REPORT. 


Deprun oF CHILL. 
BLows To 
Wheel 


Date Cast. Shrinkage. rhroat. rread. Remarks. 
Max.| Min. | Max. | Min. | Gc preal 
{Fourteen lines.] 
18 Foreman. 


DaILy REPORT OF THERMAL TEST OF WHEELS. 


On . 1898, wheels were tested as below : 
CRACKED. | CHILL. 
Date Cast. | Wheel No. | Remarks. 
Bracket. Plate. tim. Throat. Tread. 


[Ten lines. ] 


Foreman. 
WHEEL RECORD. 
WHEEL. MOUNTED. ScRAPPED. 
Months’ 
| Service 
No | piam.ewin Place Cast At. Ending. Place. | pate Defect. 
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WHEEL Drop Test AND MIxtTUuRE RECORD. 


DEPTH oF CHILL MixTURE BY PER CENTS. 

To — 
5 x, Throat. rread. = 
Cis 
Max. Min. Max. Min. Break a 
in. | gin. 1 in. jin. 


DISCUSSION. 


Mr. Frank M. Ashley.—I\ do not find in this paper one of the 
things which I naturally expected concerning the method used 
in chilling the surface of the treads. 

The practice followed by Mr. Geo. W. Miltimore, of Arlington, 
Vt., interested me on a recent visit. Ile places two wheels 
together, with their faces running in opposite direction, and allows 
a chill to follow from the friction generated between the two 
surfaces. A fine file could hardly touch the wheel after it came 
from the abrasion treatment. I would like to be told how that 
work is done by other manufacturers. 

Mr. William HNent.—\ fear that this paper is not likely to 
have the discussion which it deserves, because it happens that 
there are few present here well enough acquainted with the sub- 
ject. [ wish that members could be persuaded to send in writ- 
ten discussions, and that this subject might be carried over for 
discussion at two or three meetings. [I believe much good could 
come from a topical discussion in answer to the question “ What 
do you know about the strength of car-wheel irons?” This 
paper also ought to interest that committee of the American 
Foundrymen’s Association who are investigating this subject. I 
believe our greatest advances in the strength of iron are to be 
found by ollowing the car-wheel iron practice. 

Mr. George R. Henderson.*— Regarding the method of chill- 
ing which Mr. Ashley speaks of, I will say that this is novel to 
me, as I have never seen an operation of this kind. The method 
of chilling wheels both by solid and contracting chill has been 
so long in use in wheel foundries that I hardly thought it neces- 
sary to go into this detail in the paper itself, as, in fact, car 
Wheels would be useless and impossible to manufacture without 
the chill in which they are cast. 


* Author's closure, under the Rules. 
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The principal chills used nowadays seem to be the Whitney, 
Barr and Canda, and while there are differences of construction, 
yet the principle and the effect are practically the same. 

As the author is himself desirous of obtaining the views of 


members on this interesting question, he would be very glad if 
Mr. Kent’s suggestion of a further discussion of the matter could 
be carried out. 


THE PLUNGER ELEVATOR, 


DCCCXIIL.* 


THE PLUNGER ELEVATOR. 


MASS, 


BY GEO. I. ALDEN, WORCESTER, 


(Member of the Society.) 


INTRODUCTION. 


Tue plunger elevator as a lift, or freight elevator, is well 


known. As a passenger elevator for short runs it has been used 


more or less for some time, both in this country and in Europe. 


It has always been characterized as a safe, durable, and econom- 


ical machine, but it has generally been assumed that it had 


limitations which prevented it from meeting the requirements for 


yassenger service, except for short runs and slow speeds. The 


suggestion of its use as a high-speed passenger elevator would 


until recently have been regarded as indicating a serious miscon- 


ception of its possibilities. 
tecent experience, however, seems to indicate that the plunger 
elevator is a satisfactory solution of one of the most important en- 


gineering problems connected with the special and complicated 


equipment of a modern office building. 
The principal parts of the elevator are shown in the accompany- 
ing cut. Near the level of the ground the cut shows the casing— 


which in soft ground is driven down to enclose the cylinder 


proper—broken away, showing the cylinder. The latter is also 


broken to show the plunger passing down inside the cylinder. 


The annular space between the plunger and the inner walls of the 


cylinder is ample for the passage of the water down around the 
plunger as the elevator ascends, or up as the elevator descends. 

The cylinder above the casing terminates in the cast-iron 
eylinder head, to which is bolted the stuffing-box for the plunger, 
and to which also are attached the buffer springs upon which the 
car rests when in its lowest position. 


* Presented at the Washington meeting (May, 1899) of the American Society of 
Mechanical Engineers, and forming part of Volume XX. of the Transactions. 
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The plunger at its upper end enters a steel casting into which it 
is fastened as shown in Fig. 220. This casting is bolted to a 
platen on the under side of the car. 

The metal cab, of ornamental design and finish, rests upon the 
ear floor or platform. Channel irons pass up from the ear floor 
on two sides, and are connected at their upper ends by cross 
beams to which the counterweight ropes are secured. These ropes 
pass up and over the large sheave at the top of the well-room, and 
earry the counterweight, which runs in guides at the side of the 
well-room. 

Returning now to the basement, the three-way main controlling 
valve, with its pilot valve, is seen in a horizontal position in front 
of the cylinder. Water is supplied through the vertical pipe on 
the left. This is provided with a shut-off valve. At the upper 
end of this vertical pipe a long-turn elbow leads the water to one 
of the supplementary valves, from which it passes through a pipe 
behind the main cylinder to the main controlling valve. A second 
supplementary valve is shown on the exhaust pipe, which leaves 
the controlling valve in front and at the left of the cylinder, and 
disappears through the floor just at the right of the supply pipe. 

The cab is shown just above the first floor, in Fig. 218, the en- 
closure work at the floor above, and the overhead work in Fig. 219. 

Cylinder.—The cylinder is sunk plumb into the ground until its 
upper end is a little below the lowest floor to which the elevator 
is designed to run. It isa steel tube, having its lower end closed, 
and its upper end fitted with an enlarged cylinder head, which 
includes a stuffing-box for the plunger, and an opening to 
receive the pipe through which water is admitted to and dis- 
charged from the cylinder. The bursting pressure for a 10-inch 
cylinder is about 3,750 pounds per square inch. This is figured 
from 2 tensile strength of the material of 60,000 pounds, and a 
thickness of cylinder walls of 44; inch. 

The water pressure commonly used is from 140 to 150 pounds, 
or in some cases 200 pounds to the square inch. 

The sections of which the cylinder is made are squared up and 
threaded in a lathe, so that when connected by couplings the 
cylinder is straight. When finished it is tested by hydraulic 
pressure, and then coated with a good preservative paint. 

Drilling.—The well for the cylinder is made plumb, so that the 
cylinder may stand in a vertical position. If the subsoil is earth, 
a steel pipe of diameter large enough to receive the cylinder, and 
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called the casing, is first driven to the required depth, the earth 
being removed from the inside of this casing as it is driven. If 
ledge is encountered, it is drilled to receive the cylinder, and no 
casing is required. 

Plunger.—The plunger is made of steel tubing whicl: is straight- 
ened, turned to uniform size, and polished. The sections are 
united by a special joint, which is clearly shown in the sectional 
drawing (Fig. 221). This joint has a strength to resist ecross- 
breaking or buckling fully equal to the strength of the plunger at 
a& cross-section between the joints. One of these joints was 
recently tested at the Worcester Polytechnic Institute for resist- 
ance to cross-breaking. The supports were 74 inches apart, and 
the joint was 2 inches from the centre, the load being applied at 
the centre. The moment of inertia of the cross-section of the 
plunger was 21.3; the load at elastic limit was about 10,200 
pounds ; deflection, ;')%; inch ; the stress, 28,000 pounds per square 
inch ; the breaking load, 23,500 pounds; and the breaking stress, 
60,153 pounds per square inch. In this test the joint began to open 
a little on the convex side at about the same time that the tube 
showed signs of weakness near the end of the coupling nipple. 
The bulging of the tube near the end of the coupling nipple 
indicates that if bending had been carried to a greater extent 
the short bend (for the pipe would not break if bent double) 
would have occurred here, and the joint would not have failed. 

The diagram showing loads and deflections for the test piece 
above referred to is given in Fig. 223. 

The top end of the plunger is flanged into a steel casting, which 
is securely bolted to a steel platen, which in turn is securely 
bolted to the car. In long-run elevators a rod or, better, a loop 
of galvanized wire rope passing inside the plunger has an inde- 
pendent connection with the car, which would securely attach 
the weight of the plunger to the car if the regular fastening 
should fail. 

The strength of a plunger to sustain the car and its load 
is a matter which it is of prime importance to consider. The 
natural first impression that a steel column 6 or 8 inches in di- 
ameter and 150 to 200 feet long is very slender and will be in 
great danger of buckling, even under a very small load, needs to 
be corrected. 

A consideration of the formulas, together with the conditions 
under which the plunger is used, and the faets which have been 
41 
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established by experiment and experience,‘ought to lead us to 
safe conclusions on this point. 

For a long column with rounded ends the ultimate load is given 
by the formula 


P= & * & (1) 


in which / is the modulus of elasticity of the material; 7 the 
moment of inertia of the cross-section, and L the length of the 
column. 

If the column has flat ends, or is fixed in direction at the.ends, 
the ultimate load is 


(2) 


2 


The case of an elevator plunger comes somewhere between these 
two extremes. In an experiment tried at the Washburn Shops of 
the Worcester Polytechnic Institute in 1894, when an elevator 
having a 4-inch plunger was loaded up to its ultimate load, it was 
found that this load was given approximately by the formula 

[? 


P= 2.3 


(3) 


Formula (1) applies to any upright strut or pillar whose length 
is so great in comparison with its diameter that the only stress 
that needs to be considered is that due to bending. In such a 
pillar the first indication of the approach to the maximum load 
is the bending sideways of the pillar and the increase of this bend- 
ing by slight increments of load. When the bending is well 
established, the pillar is theoretically in a state of indifferent 
equilibrium ; that is, the same load will hold the pillar to its 
curved form, whether bending be much or little, so long as the 
bending is not sufficient to cause a moment on the cross-section 
exceeding the proof moment of stress of the section. A pillar 
thus loaded with its ultimate load might continue to bend in- 
definitely and finally break, by the addition of a small increment 
to the load or by any slight external force applied to increase 
the bending. 

As an elevator plunger is in a condition somewhere between 
a pillar rounded at the ends and a pillar fixed in direction at the 
ends, the action of the plunger under an excessive load will be 
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different from that of a pillar rounded at the ends, as just de- 
scribed, in this respect, viz.: instead of the plunger being in a 
state of indifferent equilibrium after bending is established, it will 
be stable, for the reason that the car at the top, and the stuffing- 
box at the bottom, offer an increasing resistance to the change 
of direction of the plunger at its ends. Therefore, after a plunger 
is overloaded so that it begins to bend considerably, it will re- 
quire quite an increment of load to much increase the bending. 
For example, a plunger 42 feet long and 3.92 inches outside 

diameter showed a deflection from the vertical as follows : 

Net Loads. Deflections 

6,000 

7,550 

8,500 

8,900 


It is well to have the above analysis in mind when considering 
the question of factors of safety. To follow here the general rule 
that there should be a factor of from 4 to 10, and then to con- 
clude that as an elevator should be abundantly safe it would be 
well to use a large factor, would be allowing the general rule to 
take the place of reason. In the case of cross-breaking, if there is 
a factor of safety of 4 or 5, as in bridgework, for example, every 
time the maximum working load is applied it produces a stress 
equal to one-fourth or one-fifth of the breaking stress, and it would 
be unsafe to use a smaller factor. But in a long upright pillar, as 
used for an elevator plunger, the case is entirely different. A load 
nearly equal to the ultimate load may be applied an indefinite 
number of times, and not cause a stress that would be even worth 
considering, because it is only when bending has begun, and been 
earried to a considerable extent, that any severe stress is brought 
upon the metal. 

If, therefore, we find by formula (1) that for some given case 
P=8,000 it is perfectly safe to use a steady working load of 5,000 
pounds, or 6,000 pounds as the maximum working load. The 
only thing to be avoided is the load that will produce bending, 
because up to the time that serious bending occurs the metal is 
under no stress except a light thrust. In the case of a long 
plunger in an elevator well, the effect of accidental unreasonable 
overloading would be to bend the plunger until its convex side 
should reach the side of the elevator well or the edge of one of 
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the floors of the building. It would then be impossible to bend 
it more, and the car could not fall, even if loaded far beyond the 
ultimate load given by the formula. 

This is indicated theoretically by solving the following prob- 
lem: Given, a plunger 63 inches outside diameter, 6 inches inside 
diameter, and 150 feet long; required, the deflection at or near 
the elastic limit. 

If this plunger were simply supported or held in place at the 
ends, and a force applied at the centre to deflect it sideways, it 
would require about 460 pounds to cause a stress due to bending 
of 28,000 pounds per square inch. The deflection from a vertical 
line which this force would cause is about 77.6 inches, or nearly 
63 feet. The limiting load for this plunger would be by formula 
(3) about 5,000 pounds, assuming that #=30,000,000 pounds per 
square inch and 7=24, and neglecting the weight of the plunger 
itself so far as this weight would affect deflection. 

Let us now examine the plunger as regards stress, when the 
elevator is in actual use and carrying « maximum live load of 
3,000 pounds, or about twenty people of average weight. 

The plunger itself would weigh about 2,400 pounds; the car 
might weigh about 3,000 pounds; the compensating cables about 
1,100 pounds; the counterweight, say, about 3,500 pounds. With 
a water pressure of 150 pounds per square inch at the starting 
level, the pressure on the lower end of the plunger when the car 
is at the top of its run is about 5,000 pounds, and as the plunger 
weighs 2,400 pounds there could be but 2,600 pounds pressure, or 
load on the upper end of the plunger, even when the load is be- 
ing accelerated along its upward run. When the elevator is 
standing at the top of its run with its maximum live load, 3,000 
pounds, there is a load of 1,400 pounds on the plunger; and 
when standing with no live load, there is no load on the upper 
end of the plunger, but the plunger is under tension from the top 
down to a neutral point 50 feet from its lower end. When the 
elevator is descending with its full load and being brought to 
rest, the thrust on the plunger would be increased somewhat above 
2,600 pounds. 

In the above example, which is used simply as an illustration 
of the action and effect of loads on the plunger, the friction of the 
plunger in its stuffing-box, the overhead shaft, and the guide- 
shoes, and the resistance due to stiffness of ropes were not con- 
sidered. The complete formulas for expressing the relations of 
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the various quantities entering into the consideration of lifting 
capacity are as follows : 

Let W = Weight of plunger. 

Let C= Weight of car. 

Let Z = Live load. 

Let A = Counterweight. 

Let /’= Resistance due to friction. 

Let S = Soctional area of plunger. 

Let p, = Water pressure per square inch at top of cylinder. 

Let /2 = Weight of compensating ropes per lineal foot. 

Let 7’ = Total run of elevator. 

Let A = Unbalanced force to give upward acceleration with 
live load. 

Let A, = Unbalanced foree to give downward acceleration 
without live load. 

As the compensating cables make the lifting capacity constant 
throughout the run, or in other words counterbalance the varying 
pressure on the plunger due to change of elevation of the car, 
this variation need not be taken into account in the formula. 

Therefore the equations may be made considering the car at 
the top of its run. Then 


A=pS+K+RhT-W-C-L-F.. . (4) 


The equation for A, should be for the elevator without its live 


load, thus 
A,=W+C-K-kRT-F... (5) 


In these equations », and A’ are the arbitrary constants whose 
value is to be fixed so as to secure the required speed of the 
loaded car up and of the unloaded car down. The value of K 
that makes A = A,, found by combining (4) and (5), is 

In practice it would probably be well to make A a little greater 
than A,, as there is less mass to be accelerated when the empty 
ear is coming down than when the loaded ear is going up. 

If, with an assumed value of 7. A, as found from (6) and sub- 
stituted in (4) and (5), does not make A or A, large enough to 
give the required acceleration, », may be increased; that is, a 
higher pressure may be carried in the pressure tank. 


THE PLUNGER ELEVATOR. 639 


Valves.—The main controlling valve, which is a three-way bal- 
anced valve, is usually moved by a motor piston, which is in turn 
operated by a pilot valve. This pilot valve is controlled by a 
lever in the car. The supplementary valves close automatically 
and bring the elevator to an easy stop, both at the top and at the 
bottom of the run. 

The overhead work consists of a large sheave for the counter- 
weight ropes, and smaller ones for the ropes that operate the sup- 
plementary valves. These sheaves are mounted on heavy steel 
shafting supported in bearings with drip-pans; the bearings rest 
on iron beams securely built into the walls of the building. 

Power.—The power for running the elevators is usually fur- 
nished by a pumping plant. In some cases water from the city 
mains is used, but where the elevators run frequently it is gener- 
ally cheaper and better to pump the water and use it over and 
over. The pumping plant may be for steam or electric power. 
It consists of a closed steel tank which is kept about ,°, full of 
water and ;‘, full of air. The capacity of this tank is from ten to 
twenty times the volume of water used per trip by one elevator. 
The pressure in this tank is usually maintained at about 150 
pounds per square inch. From this tank water is drawn to send 
the elevator up. There is also an open tank of somewhat less 
capacity than the closed one, which receives the water that is 
discharged from the elevator cylinder as the elevator descends, 
and a pump which draws its supply from the open tank and 
delivers to the closed tank. A relay pump is also usually provided. 

The pump may be a steam pump driven from high-pressure 
boilers and exhausting its steam during the cold weather into the 
heating system, in case the building is heated with low-pressure 
steam ; or it may be a power pump driven by an electric motor 
or other convenient means. In either case the pump is supplied 
with an automatic regulator, which stops the pump when the 
pressure in the closed tank reaches its maximum, and starts it 
when the pressure falls a few pounds below this maximum. 

Operation—Whien the plant is completed and ready to start 
the pressure tank is charged with air and water. Air is admitted 
through the suction pipe of the pump and forced into the tank 
along with the water. To occasionally supply any loss of air from 
slight leakage or other cause, a device, which is in principle a 
small air pump using water as a piston, is introduced between the 
water valves of the pump and the delivery pipe. 
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In a steam pumping plant a regulator in the pipe supplying 
steam to the pump is so adjusted that when the pressure in the 
tank reaches its maximum the regulator shuts off the steam, and 
this stops the pump. When the pressure in the tank falls a few 
pounds below the maximum, the steam is let on and the pump 
starts and runs until the maximum pressure is again restored. 

In an electric pumping plant, in place of the steam-regulating 
valve, an automatic switch, operated by pressure from the tank, 
stops and starts the motor, as the pressure in the tank rises or falls. 

The tank being properly charged, the air expelled from the 
eylinder and piping connecting it with the tank, and the elevator 
valves being adjusted, the elevator may be started. We will 
assume that it is a passenger elevator having a pilot valve, and a 
lever in the car for operating it. The lever being in its central 
position, the main valve is closed. The lever is held in this cen- 
tral position by a catch which is easily released by the pressure of 
the hand on the handle of the lever. The lever is then thrown a 
little to one side. This opens the pilot valve and allows water 
from the pressure tank to enter the motor cylinder and move the 
motor pistons. The motion of the motor pistons moves the main 
controlling valve, and it begins to open; but this motion of the 
main controlling valve closes the pilot valve, so that if the lever 
is thrown but a little from the centre, the controlling valve will 
open but a little and the elevator will move slowly ; throwing the 


lever farther from the centre causes the controlling valve to open 
still wider and increases the speed of the elevator. 


The ports in the valve being properly proportioned with refer- 
ence to the motions of the valve, the elevator is under the most 
complete control of the operator. The valve is adjusted so that 
if the lever is thrown quickly to the centre when the elevator is 
going up at full speed the plunger will not leave the water, but 
the elevator will make a gradual and gentle stop. The action 
of the valve mechanism is so perfect that when the elevator is 
descending at full speed the lever may be thrown quickly from 
one side to the other. This will bring the elevator to a stop and 
start it in the opposite direction without any jar or any sensation 
to the occupants of the elevator that would call attention to the 
change of motion from down to up. The perfect control of the 
elevator, the uniform though rapid acceleration in starting and 
stopping, and the absence of any vibration from the stretching of 
ropes are qualities which give to the passengers a sense of security 
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and prevent the unpleasant sensations which are often experienced 
from sudden starts and from vertical vibration. As the elevator 
approaches the end of the run, if the operator fails to throw the 
lever to the centre and thus close the main valve, the appropriate 
supplementary valve closes automatically and brings the elevator 
to rest at the upper or lower floor, as the case may be. 

Speed.—High speed in elevator service becomes desirable as 
the distance the elevator has to run increases. ‘This is particu- 
larly true where some of the elevators in a high building are run 
express. For many years the plunger elevator was built for slow 
speeds. It had small water pipes and small valve ports. To get 
high speeds it was only necessary to make large water passages. 
But the problem of getting speed was much simpler than that of 
securing perfect control with high speed. The two important ends 
to be attained by this control are, first, stopping the car exactly 
at the floor, and, second, starting and stopping with such an ac- 
celeration as to give no unpleasant sensations to the passengers. 
The first of these ends is attained in the plunger elevator by the 
use of the pilot valve. When the operator has had a litttle prac- 
tice in handling the lever, he has no trouble in stopping the car 
properly. 

The plunger elevator apparently presents peculiar obstacles to 
high speed. The plunger and counterweights are quite heavy, 
so that in starting there is a large mass to accelerate. If the 
water could be shut off too suddenly on the upward run, the 
mass would move on and the plunger leave the water; and on 
the downward run, too quick a stop would cause a disagreeable 
pound or thud as the elevator came to rest. 

The first of these difficulties (the starting of large masses) is 
overcome by means of the surplus energy stored in the pressure 
tank. This tank is charged by the pump, as has been described, 
and the pump runs much more of the time than the elevator 
draws water from the tank, and always delivers against about the 
same pressure. The expenditure of stored energy to accelerate 
the elevator and its load is therefore not accompanied by any 
increased stress on the pump, or indeed on any part of the ma- 
chine. Starting the elevator and its load up causes no sudden 
pull on ropes, and no periodical increase of load on the overhead 
work or on building which supports it. To remedy the second 
seeming difficulty (that of the plunger leaving the water) the 
first step was to ascertain the maximum distance that the ele- 
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vator, running up at its greatest speed, would move before coming 
to rest, if left to itself. In making this calculation, friction and 
other similar resistances are left out of account, as they help to 
stop the elevator and therefore make the results on the side of 
safety. 

Let V = Maximum velocity of elevator in feet per second. 

Let f = Acceleration of the system when free from any ex- 
ternal force. 

Let )) = Distance passed over while coming to rest. 

Let W = Weight of plunger. 

Let (= Weight of ear. 

Let A = Counterweight. 

Let R = Weight of compensating ropes per foot. 

Let 7 = Total run of elevator in feet. 

Let g = Acceleration of gravity in feet per second. 

Let the elevator be near the top of the run and unloaded, as 
this is the most unfavorable for a quick stop. Then 


DB = 


Having determined the value of D from (7), the valve should 
begin to close when the car is at this distance, ), from the point 
of stopping, and then the closing of the ports should occur at 
such arate that the water will just keep the volume generated 
by a cross-section of the plunger completely filled. 

This end is attained by correctly proportioning the valve ports 
and governing the travel of the controlling valve. A careful 
study of the problem as above outlined led to the conclusion, 
which is borne out in practice, that when the problem is solved 
and the seemingly unfavorable conditions are met, the result is an 
ideal stop. The elevator stops just as a body thrown into the air 
comes to rest, so gently that one in the car can hardly tell just 
when the stop occurs. Thus the conditions which seemed unfa- 
vorable or possibly insurmountable have compelled the treatment 
that is essential to the best results. 

Plunger elevators in use at the present time are running at a 
speed as high as 600 feet per minute. 


and 
®) 


THE PLUNGER ELEVATOR. 643 


Economy of Loom.—One feature that is of some importance in 
large buildings is the compactness of the plunger elevator plant, 
thus economizing room. The cylinder, being in the ground, occu- 
pies no room in the building, and the operating valves can often 
be placed in the well-room sub-basement directly under the car, 
and even when placed just beside the well-room take up but 
little space. 

Cost of Power.—A steam pumping plant is an economical 
source of power for running a system of plunger elevators, par- 
ticularly when the building is heated by steam. ‘The water pres- 
sure being applied directly to the load through the plunger, the 
elevator requires & minimum quantity of water per trip. The 
expense for coal can be figured as follows: Determine the proba- 
ble average number of trips the elevator will make daily. Com- 
pute the number of cubic feet of water required to make this 
number of trips, and then the number of foot-pounds of energy 
required to pump this volume of water against the pressure to be 
maintained in the pressure tank; divide this number of foot- 
pounds by the duty of a steam pump, and you have the number 


of hundred pounds of coal required. From the cost of coal may 
be deducted the value of the steam that can be used for heating, 
the balance remaining being the net cost of fuel to run the ele- 
vators. 


Repairs.—The cost of repairs on a plunger elevator for a 
series of years is very small. No essential part of the mechanism 
is under any severe strain or subject to any destructive wear. 
The life of a plunger elevator is therefore very long. There are 
elevators running on city water that have been in constant use for 
over twenty-five years. Plunger elevators have not yet been 
made long enough to determine the real limit of their useful life, 
but have been made long enough to show that this period is a 
very extended one. Packings for the plunger and valves, and 
guide shoes for the car, are about the only parts that require 
renewal. 

Safety.—The elements of safety in the plunger elevator may be 
summarized as follows: The elevator car cannot fall, first, because 
the plunger always rests upon a column of water which can escape 
only as it is driven out of the cylinder through comparatively 
small openings ; and, second, because the plunger is of steel, that 
would bend to the side of the well-room without being put under 
dangerous stress. The elevator car cannot be made to shoot up 
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to the top of the well-room, first, because the elevator as a whole 
can only be carried up by the pressure of water which enters the 
cylinder through the small valve openings ; and second, because 
the plunger is so securely fastened to the car by two separate and 
independent means that it cannot become detached, which is the 
only way in which the car can be drawn up by the counterweights. 
In case of simultaneous failure of both the main controlling valve 
and the supplementary valve to work at the top of the run, the 
counterweight would reach the ground, and the car would stop. 
In case of the failure of both the main and supplementary 
valves at the bottom of the run, the car would land upon the 
buffer springs, and would stop with somewhat of a jolt, which 
would be disagreeable to passengers, but ought not to be serious. 
If the elevator were running 600 feet per minute, or 10 feet per 
second, the effect of a sudden stop would be the same as if the 
elevator should fall freely from a state of rest through about 19 
inches. If the speed were 7 feet per second, which is even greater 
than that of most elevators, the effect of a sudden stop would be 
the same as if the elevator should fall freely about 9 inches. 
Finally, to be sure that the elevator will never attain a down- 
ward speed greater than the maximum predetermined for that 
particular elevator, a special throttle valve is introduced into the 
exhaust pipe. This valve is lifted to its seat by the pressure due 
to the velocity of the exhaust water, and thus it works only when 
the elevator has attained a certain speed. When seated, it 
throttles the exhaust so as to reduce the speed of the elevator 
considerably below its predetermined maximum, and this lower 
speed cannot be exceeded until the elevator has been stopped. 
As soon, however, as the elevator is stopped, the throttle valve 
drops from its seat and leaves the exhaust passage again free. 
This valve is a perfect check on the speed of the elevator, and 
is entirely out of the reach of the elevator boy. When once 
adjusted it absolutely prevents the acquirement of excessive speed 
either from carelessness or from loss of control of the operating 
valve, and when the maximum speed is attained this valve acts 
instantly and reduces the speed considerably below that maximum. 
If an analysis of the fatal accidents due to failure of elevators 
should be made, and the cause of each accident determined, and 
if it were considered what would have happened if, with no other 
change in conditions, a plunger elevator, as at present con- 
structed, had been in use at the time of the accident, I venture to 
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suggest that it would be difficult to escape the conclusion that the 
accident would, in nearly every case, have been avoided. 

Conclusion.—The modern office building must, from its height 
and weight, be constructed in a very thorough and substantial 
manner. Often it is architecturally beautiful, and no expense is 
spared to secure the best material and most elaborate ornamenta- 
tion. It is built to attract tenants, and to compete with other 
buildings in giving its occupants comfort, safety, and convenience. 
Nothing is more essential to the physical safety and the mental 
comfort of those who are obliged to use the elevators several 
times a day than that these elevators should be the safest it is 
possible to make, and that they should also be of such substantial 
appearance and such smooth and quiet motion as inevitably to 
impress the passenger with a sense of security. Too often the 
elevators are a secondary consideration. Money is spent lavishly 
on costly arches, pillars, staircases, and various showy architec- 
tural features, and when it comes to the means of safe and quick 
access to the offices and stores, there is thought to be only money 
enough left to pay for the cheapest elevators. This practice is, 
however, being slowly abandoned, for two reasons: first, it proves 
in a few years to have been the most costly method ; and, second, 
tenants are becoming more intelligent regarding the relative merits 
of different elevators, and more strenuous in their demands for 
the best. The successful renting of large office buildings of 
apartment houses is aided by having a type of elevator that has 
a good record. 

The plunger elevator has, by request, been somewhat fully 
described in this paper, that the Society may know of its recent 
development, and may consider its merits as a worthy competitor 
for first place among the appliances of its kind in a modern 


building. 


DISCUSSION. 


Mr. Wm. Barnet Le Van.—I\ would like to state that I built 
and erected a hydraulic lift at French, Richards & Co.’s, Tenth 
and Market streets, Philadelphia, about twenty-five years ago, 
the ram or plunger of which was 8 inches in diameter and 90 
feet in length. The maehine was tested for one week, with an 
average load of 6,000 pounds; the speed of ram was 80 feet 
per minute, in rising, and when lowering, 160 feet. The coal 
consumption during the trial averaged 1,000 pounds per day of 
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eleven hours. The building was 75 x 120 feet; the first floor 
was used as a salesroom and for offices; the whole of the build- 
ing was heated from the same fuel used for ranning the elevator. 
It was in constant use for seventeen years, during which time the 
actual cost for repairs was about $150. 

The ram and platform were not balanced ; it took 300 pounds 
per square inch water pressure to balance them when the plat- 
form was empty. 

Mr. William H. Bryan.—Professor Alden’s paper raises some 
interesting questions, the more important of which are how many 
plunger elevators are actually in service, and to what extremes of 
lift and speed have they been carried. Is it safe to place 100 feet 
or more of cylinder in the ground, where it is absolutely inacces- 
sible, and subject to deterioration / 

I suggest that Professor Alden explain a little more fully the 
compensating cable mentioned on page 63%. 
~ Professor Alden seems to prove his point of extreme safety, but 
it is doubtful whether the general public would accept his statement, 
when, with maximum load and a lift of 150 feet, the deviation of 
the plunger from the vertical might be noticeable to the eye. 

The point of economy of space is a good one, as is also the fea- 
ture of higher efficiency due to direct connection and absence of 
sheaves. It, of course, retains the inherent defects of all ordinary 
forms of hydraulic elevators : 

1. That full power is required for all loads, whether minima or 
maxima. 

2. That efficient counterbalancing is impossible, and there is no 
return of power on the return trip. 

3. That the ordinary pumping plant is very wasteful in fuel, 
while the more efficient types are so expensive as not to be justi- 
fied except in the case of very large plants. 

4. That the power-generating plant of the elevator must be 
independent of that for lighting, and both must have their inde- 
pendent reserve units, which features increase the cost, complicate 
the arrangement, and reduce fuel efficiency. 

Mr. Boyer.—\ think it would be well if we knew the method 
by which Professor Alden counterbalances that shaft as it goes 
up. You could imagine starting a cylinder and rising 100 or 125 
feet ; you are putting a great deal of metal constantly in the air. 
It might be a pleasure to some of you to know how he counter- 
balances that. 
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Mr. Alden —Regarding what has been done, I will say that at 
the Bannigan Building, in Providence, there are five elevators 
running 120 or 130 feet, ata speed of 400 feet or more. At the 
Jewellers’ Building in Boston they run i32 feet. The speed 
guarantee is 600 feet a minute, and I think that is excelled. The 
plungers are 64 inches in diameter. So far as the deflection is 
concerned, it is not noticed at all. You will find a little tendency 
in the plunger to get a quarter of an inch out in one direction or 
another, but that is an initial condition, and that does not usually 
change. In the Bannigan Building elevators, one is required to 
earry a@ Weight, 8,000 pounds, to the top of the building. We con- 
sequently tested the elevator with a load of 8,000 pounds, and we 
found that the plunger carried it with perfect safety to the top of 
the building. I have never known a long plunger in which, with 
the maximum regular load, there was any deviation from the ver- 
tical which could be detected or was noticeable to the eye.  Re- 
garding any objection that may be felt against placing the cylin- 
der in the ground it should be remembered that there are no 
machine parts or pipe connections below the ground; that the 
cylinder is well protected; and it has been found to be long- 
lived. During twenty vears’ experience a cylinder has never 
been removed for repairs. The eylinder, being in a vertical posi- 
tion at the bottom of an open well, is conveniently removed if 
occasion should require it. 

Regarding the defects which Mr. Bryan has enumerated, the 
first and second may yet be overcome, some steps having already 
been taken in this direetion. The third is somewhat modified in 
case of a steam pumping plant in which the exhaust steam is 
utilized for heating purposes. So far as actual cost of running is 
concerned, where a steam boiler is maintained for heating, plun- 
ger elevators run by a steam pumping plant are probably the 
most economical system in use, 

Of the fourth defect mentioned, it may be said that the require- 
ments of elevator service are such that in case of electric eleva- 
tors it is doubtful whether they should be run in connection with 
a lighting system, the sudden loads being detrimental to the 


steadiness of the electric lights. If storage batteries are used, as 
has been found necessary in some cases, the additional first cost 
and subsequent charge for maintenance are very great. 
Regarding counterbalancing, it is clear that, as the elevator 
moves, the pressure on the lower end of the plunger changes. 
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The amount of this change of pressure for every foot the plunger 
moves is just equal to the weight of water displaced by the plun- 
ger in its motion. As the elevator moves up, its lifting capacity is 
thus diminished. To counterbalance this change in lifting capacity, 
we suspend the counterweight by cables of such size and number 
that the weight of the cables per foot shall be just one-half the 
weight of the column of water displaced by the plunger. Then 
as one foot of cable is transferred to one side or the other of the 
counterweight shaft it just balances that difference, and the lift- 
ing capacity is uniform throughout. The strength of the coun- 
terweight cables is thus made very much in excess of what is 


needed to hold the counterweight. Consequently the cables do 
not need renewal, as they are strained but very little. There is 
no place in this whole elevator system where there is any extraor- 
dinary stress upon any part of the machine, either tensile or 
thrust, or excessive pressure on wearing surfaces. This condition 
in a machine so simple in construction accounts for its being very 
long-lived. 
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DCCCXIV.* 
INVESTIGATIONS OF BOILER EXPLOSIONS. 


BY GUS. C. HENNING, NEW YORK CITY. 


(Member of the Society.) 


IN spite of the numerous boiler explosions constantly occur- 
ring in all kinds of service, and the numercus investigations of 
their causes which have been made officially and otherwise, no 
general method has thus far been proposed which gives any 
certainty of reliability of conclusions. 

The well-known boiler tests made by a government board of 
the United States, at Sandy Hook, gave only negative results 
and were of little practical value. 

This seems very strange, more especially when it is considered 
that the fundamental causes are very limited in number. They 
are : 

a. Excessive pressure. 

b. Low water. 

c. Defective material. 

d. Defective workmanship. 

e. Local defects. 


a. Excessive Pressure. 


Excessive pressure can be produced by wilfulness or by care- 
less operation ; it can be controlled by autographic recording 
gauges, alarm whistles, and competent management. 


b. Low Water. 


Low water may be the result not only of carelessness but of 
many accidental causes, such as derangement of pumps or in- 
jectors, stoppage of pipes, gauge glasses, valves, etc., or even by 
suddenly augmented leakage, which cannot always be discovered 
promptly, or even immediately provided for after discovery. 

* Presented at the Washington meeting (May, 1899) of the American Society of 


Mechanical Engineers, and forming partof Volume XX. of the Transactions. 
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Defective Material. 


Defective material can be readily avoided, and should never 
be used in any case; it is criminal to use it. 


d, Dejective Workmanship. 


Defective workmanship exists more or less in all boilers, 
except those which are built without caulked seams and rivets, 
and punched holes, and all parts of which are prepared and 
finished by machine-tools and consist mainly of tubes with 
screwed ends. Defective workmanship develops greater or less 
defects during service and necessitates constant repair and pateh- 
ing, and may be cause of material weakness in course of time. 


e. Local Defects. 


Local defects may exist in all boilers initially or develop after 
a while in service. 


a. Determination of Excessive Pressure. 


Assuming that a boiler has been properly designed there will 
be no excessive pressure in service except as previously stated. 
If all the possible safeguards have not been employed and a 
record of pressures has not been made, it is still possible to 
obtain such record for the instant of explosion, by making 
several tests of strips especially when cut from material of dif- 
ferent thicknesses taken from the boiler. 

It is a well-known fact that all material used in construction 
is subjected to stress about one-third of its yield point, but 
never beyond one-half of this amount. Stress sufficient to cause 
rupture is always about five times the working stress. If then 
any part of the boiler had been worn thin by corrosion such 
material would be overstressed and overstrained. 

It is also a well-known fact that excess of stress beyond the 
yield point invariably raises it above its original value, and if, 
therefore, careful tests be made of the material, especially with 
an autographic recorder,* the results will invariably show aug- 
mentation of yield point. Different thicknesses will show differ- 
ent augmentations which must always be in direct proportion to 


* See the Henning ‘‘ Pocket Recorder,” Transactions A. 8. M. E., 1897. 
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the stress applied. If calculations show that the augmentations 
of yield point in thick and thin material were produced by the 
same internal pressure, then it is proof positive that excessive 
pressure existed at the instant of explosion, and also its exact 
amount. Tests of staybolts will show the same thing. Elonga- 
tion of the material is, however, reduced by excess of stress, and 
a second tension test of a piece of material previously ruptured 
will be very materially decreased. Stress beyond the yield 
point also changes the shape of the elastic curve in a very char- 
acteristic manner. 


b. Low Water. 


Low water, however caused, always produces excessive heat- 
ing; and if the temperature rises sufficiently to weaken the 
material, failure may occur by stripping of the staybolts or 
rupture of the sheets by bulging between them, or otherwise. 
If the temperature has raised the material to a low or bright 
red color, this can be readily determined by superficial inspec- 
tion. While the fire side will show red rust or a black color, 
the water or steam side will invariably show a typical steel-blue 
seale, which will not disappear even after years, as it is a so- 
called rustless coating. If this be once oiled it will always be 
distinguishable, even if the plates had been exposed to moisture 
and gases for years. The color of this scale will depend some- 
what upon the temperature at which it was produced, being 
brightest at those points where temperature was the highest. 
Jarefully made tests, with autographic diagrams, of such material 
will again demonstrate changes of properties, which are very 
characteristic. The yield point will be found very low, while 
the diagram will show a material drop of curve just after the 
yield point. The elongation will, however, as a rule, be mate- 
rially increased, with a diminution of tenacity. -Nicked and 
quenched bending tests will again show marked differences 
between strips cut from the sheet at points which in one case 
were overheated or were above the low-water line, and in the 
other were taken from a part below this line. The fracture will 
also be materially different. To demonstrate the temperature 
at which the plates happened to be at the instant of explosion, 
it is necessary to cut strips from points of the overheated plate 
below the water line. These strips polished on the edges are 
then held in a clear fire, so that one end remains cold while the 
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other is heated to a dull yellow or a very bright red. This tem- 
perature being reached the bars are withdrawn, and while one 
is rapidly plunged with one end into a pot of boiling water, the 
other is allowed to cool in air, but not in contact with wet 
material or metal or stone. When the piece which has been 
immersed in boiling water about one inch deep has become 
nearly cold, below blue heat, it is plunged into cold water. 

On the polished edges of both bars will be found scale and 
heat colors, the temperatures producing them being well estab- 
lished. These bars are then carefully nicked at points opposite 
every change of color and then broken off at these nicks. By 
comparing these fractures and their scale and colors with those 
obtained from pieces cut from the overheated plates, the tem- 
perature at which they were at the instant of explosion can be 
determined with great accuracy. Having thus determined the 
temperature at which the sheets were during operation, it is also 
known whether the metal was sufficiently soft to bulge or to 
strip from the staybolts ; examination of plates and bolts will 
verify the conclusion. 


ce, Determination of Defective Material. 


As it is assumed that all material used in the boiler originally 
was of good quality, it is only necessary to discuss the changes 
which might have taken place while in service. It is also 
assumed that all parts of the boiler are open to inspection at all 
times, and that, therefore, any local corrosion will be discovered 
at once and carefully watched during its progress. Ocular 
inspection is always sufficient for this purpose, and such defects 
are always visible and easily recognizable before and after 
failure, and the latter can only occur under the most careless 
supervision. In service, material may, however, deteriorate by 
the action of repetitive stress,* the effect of which is again 
clearly indicated by the results of tests and, more particularly, 
by carefully drawn diagrams. The yield point will again be 
changed as before and the elongation similarly. However, 
different parts of the boiler would show different effects ac- 
cording to their location, and the different action which each 
is subjected to would produce different results of tests. In the 
case of excessive stress the differences would be the same in all 


* See Martens’s ‘‘ Testing Materials for the Constructor.” 
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material in the boiler. Moreover, a careful study of the results 
will show other differences which are most fully described in the 
reference given. These changes of material are, however, pro- 
duced only by such an immense number of repetitions of stress 
that they are rarely produced in boilers, which generally wear 
out and are replaced by new ones before they become distinctly 
developed. 

Long-continued service of material in contact with fire and 
gases of combustion also produces very marked changes in 
structure and properties of the materials. The structure be- 
comes more crystalline and brittle. It loses much of its ductil- 
ity. While the yield point and tensile strength are not much 
changed, the former generally being lowered, the elongation is 
decreased materially. Bending tests on both cold and quenched 
material show considerable deterioration. Nicked bending tests 
especially produce striking differences. As different parts of 
the material are affected differently because of difference in 
temperatures of the fire, they will show different qualities in 
material and in proportion to these temperatures. This being 
the case, the cause of such deterioration can be easily traced by 
careful tests ; it is, however, essential that complete records of 
tests be obtained, which is of course possible only by auto- 
graphic records. It does not suffice to make the usual deter- 
minations of ordinary tests. 

It has never been demonstrated that boiler plate, other than 
that subjected to the action of fire and hot gases, has had its 
properties changed by long-continued service. 


d. and e. Defective Workmanship and Local Defects. 


As these must be of very grave importance when sufficiently 
serious to produce boiler explosions, and are readily noticeable 
to any trained eye, it is not necessary to discuss them at length ; 
they have often been studied and described. The literature on 
these subjects is so ample that their enumeration may be 
omitted. 

From the foregoing explanations, it will be seen that careful 
testing with proper means and apparatus, added to thorough 
superficial inspection, will always be sufficient to demonstrate 
the cause ‘of any boiler explosion. It is the failure to apply 
correct knowledge in individual cases that has led to the frequent 
conclusion of “cause unknown” or “no reason for accident.” 


a 
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The failure of eminent engineers to reach definite results is due 
entirely to inadequate investigations, which did not discover the 
facts available. Moreover, the tests of the material after explo- 
sion were made in such a superficial manner, and with such 
inadequate methods, apparatus, and care, that they were gener- 
ally valueless. 

In my experience I have repeatedly found the results of tests 
of so striking a nature that this, taken in connection with the 
knowledge of original properties of the material, gave convine- 
ing proof of the causes of explosions. This is not only true of 
sheets, but also of flues, both of which I have had repeated 
occasions to study carefully, and there does not seem to exist 
any doubt whatever that the cause of every boiler explosion can 
be readily determined, with simple means readily obtainable, by 
one who has correct and sufficient knowledge of properties of 
materials as affected by different conditions. 


DISCUSSION. 


Prof. W. 8. Aldrich.—The paper of Mr. Henning is exceed- 
ingly to the point. I believe we have all seen the value of prac- 
tical examples of these changes. It appears to me that he has 
not gathered together, unless it is under the title of * Local De- 
fects,” those which are likely to arise from scale. In marine 
practice, as well as in stationary boilers in various parts of 
the country, the question of scale is probably the most vital 
which confronts the steam-maker. The scale itself and other sec- 
ondary causes are capable of producing some of the lines of incip- 
ient weakness which are referred to in the paper. 

The other point of which I wish to speak is in relation to 
certain work which we found it necessary to do on the U.S. S. 
Vulcan last summer, at Guantanaino Bay, Cuba, the line of work 
consisting of jacking up the furnaces of the U.S. 8S. Zndiana and 
the U.S. S. Detroit. Some of the furnaces of these battleships, 
owing to the use of salt water under the exigencies of blockade 
duty off Santiago de Cuba, had come to be down in the flats or 
cylindrical portion, as well as in the corrugations. The Vudean’s 
work in their behalf consisted in jacking the furnaces back to the 
original position. The crowns were first heated to a eherry red 
and then jacked back by means of hydraulic jacks, with the use of 
vast-iron former piates made on board the Vulcan. The point 
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to which T wish to call the attention of the writer is this: will not 
excessive jacking of these marine furnaces in time result in serious 
deterioration of the material, quite apart from that due to the fire 
and the hot gases? since Mr. Henning states “it has never been 
demonstrated that boiler plate, other than that subjected to the 
action of fire and hot gases, has had its properties changed by long- 
continued service.” Such jacking of boiler furnaces is an exposure 
to an artificial strain entirely, and quite different from that 
naturally arising in everyday service. 

It is the case that a large number of the coastwise steamers 
jack their boilers sometimes every trip. Their furnaces to a 
greater or less extent are said to be not injured by that process, 
and I should like to inquire if there is any experience on this ques- 
tion, because it appears to be a vital one. Very fortunately the 
specifications for the mild steel of those boilers in the naval vessels 
vaulled for the very best material, and the furnaces of the Zndiana 
and the Detroit stood the jacking process without any visible narks 
of deterioration. 

Prof. Forrest R. Jones.—About a year and a half ago a boiler 
of a locomotive in passenger service on one of our Western roads 
exploded, with somewhat disastrous results to both life and prop- 
erty. An examination of the plates after the explosion showed 
that they were badly grooved and pitted, and that the grooves, 
some of which were of peculiar form, being very narrow and deep, 
ran more than two-thirds of the way through the plate, and seemed 
to be ample cause for the rupture. The locomotive was standing 
in the round-house, almost ready to take out a passenger train, the 
steam pressure being up, so far as was ever learned, to about 
the normal; about 4 or 5 feet in width of the cylindrical por- 
tion of the shell was torn out and thrown some 500 feet. The 
grooves and pitting were shown very distinctly in this portion, 
some of the grooves running circumferentially and others longi- 
tudinally with the boiler. The matter was brought into court 
some two weeks ago, and there were developed some points as to 
the inspection and care of boilers, and it was shown that this par- 
ticular company did not inspect the boiler shell inside throughout 
except when the flues had to be taken out for repairs, and that 
the flues of this particular boiler had not been removed so as to 
allow inspection inside throughout for some four or five years. 


The same method of inspecting, or not inspecting, was shown for 
some of the other principal railway lines running out of Chicago. 
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A piece of the plate, a rather small piece, was tested in order 
to learn its qualities. The boiler, I might say, had been made in 
1867, and was of wrought-iron plate. A large portion of the 
plate that had been originally put in the boiler was still there. 
The longest piece that could be gotten from the fragmentary 


plate was 12 inches, and therefore the elongation and correspond- 
ing properties had to be measured in 6 inches of length. The 
material showed an elastic tensile strength of 24,000 pounds to 
the square inch, about 44,600 pounds maximum tensile strength, 
and the total elongation in 6 inches was less than 25 percent. It was 
about $ of a square inch in sectional area. It would bend to an 
angle somewhat less than 60 degrees before cracking, and would 
not bend as far as 90 degrees before breaking completely in two. 
The direction, relatively to the fibre, in which the test for tensile 
strength was made was difficult to determine. The plate, be- 
ing made of wrought iron, was laminated, of course, being made 
up of various plates welded together. There was one layer on 
each side that appeared to be of good material, which com- 
prised about one-fourth of the thickness of the plate. The re- 
mainder of the plate seemed to be made up of several laminze 
which were welded together with more or less dirt, scale or 
oxide between them. An endeavor to find the direction of the 
grain was unsuccessful. This was done by etching, but it 
appeared, as nearly as could be told, that the outside plate or 
layer on one side had the grade running at right angles to that 
on the opposite, so that the plate might have been as strong in one 
direction as another. The smallness of the piece would not allow 
tests in both directions, however. 

The great length of time which was allowed to elapse without 
inspecting the interior of such an old boiler—these grooves which 
I mentioned were on the interior—leads one to think that if pos- 
sible there should be some method of getting inspections more often 
upon locomotives which are to draw passenger trains. Of course 
it would be a very difficult thing to do that. As to this grooving 
and the length of time it would take to occur, there were various 
opinions expressed as testimony in court, as to the length of time 
the grooves could have been seen before the bursting of the boiler. 
An inspector for the Hartford Steam Boiler Inspection and In- 
surance Company, who had inspected for twelve years not less than 
a hundred boilers a month, said that the grooves would have been 
visible to an extent sufficient to have caused a careful person to 
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watch it at least ten years before. Another testified that it would 
have been visible to an inspector on the inside at least five years 
before. The groove was of a very peculiar form, at least to me. 
The plate had apparently been eaten down or corroded about one- 
third of the way through. This corrosion extended back some 
distance from the seam. Then, close along the seam, the groove 
was a very sharp one, appearing as if it had been formed almost 
as a crack, gradually extending downward into the plate, but cor- 
roding as it extended downward. The result was that in the ex- 
ploded boiler the plates showed this groove to be narrow and deep, 
extending about one-third of the way through the plate, about 
4 of an inch wide at the top, running down to a sharp groove at 
the bottom, all corroded, so that in order to tell the depth of the 
groove when the plate was not fractured it was necessary to put 
a sharp point in,as of a pen-knife. Such measurements showed 
that the thickness of the remaining material was less than one- 
third of the original thickness of the plate; that is, less than $ of 
an inch. 

I should be very much interested in hearing how wrought-iron 
plates, such as were used for boilers, were made as long ago as 
thirty-two or thirty-three years, for those plates must have been 
made that long ago to have been in this boiler. 

Mr. Henning.—Professor <Aldrich’s surmise that I have in- 
cluded “ the effects of scale” in ‘local defects” is quite correct. 
They are visible to any trained eye. I should like to refer to the 
effect of scale aside from pitting, grooving, etc., and point out the 
difference in the appearance of the plates within the boiler in the 
presence or absence of scale. 

If the crown sheet, for instance, becomes red hot and the steam 
comes in contact with it, a distinctly characteristic blue scale will 
be formed, which is shown in some of these test pieces, and that 
blue scale is never found when there is scale on the metal. When- 
ever there is scale on the metal there will be a red rust, and 
generally a velvety brown rust which either sticks to the scale or 
to the steel when the scale is removed; but the particular blue 
scale that is formed with low water when the metal is red hot and 
the steam comes in contact with it is quite characteristic. I do not 
think it can be formed, because it requires steam in contact with 
red-hot iron to produce that non-corrosive scale. That scale is so 
non-corrosive—it is really the same thing as the non-corrosive scale 
produced by the Bower-Barff process—that it will remain for 
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years on a boiler that has been standing in the round-house where 
engines have been blown off and fired up, and I have known cases 
where that scale has been perfectly clear and self-evident after 
five years and so plain that it just looked as though a painter had 
painted one part of the sheet between two sets of staybolt holes, 
on opposite sides, the most perfect blue, the so-called steel blue, 
while either side of that band the mill scale was still on the plate, 
but rusty; but as soon as the rust was cleaned off the original 
mill scale became visible. It is so characteristic that once you 
know it you cannot fail to identify it. That scale does not appear 
under the boiler scale, such as deposits of lime and other substances. 
It can only appear when the steam comes in contact with the red- 
hot metal. In reference to jacking up furnaces after the crown 
sheets have settled, I wish to say that it is an expedient which will 
do after a battle, and until you can get to a navy yard and pull 
out that crown sheet and put in another one. But such crown 
sheet is injured by such treatment, and why is easily explained. 
Let us take a stress-strain diagram of steel—I will not speak of 
iron—and it is always characteristic that the elastic line OY’, is 
nearly straight up to a certain point, Y’,, and then above that point 
the line begins to fall off very rapidly in the horizontal direction be- 
cause the elongation increases rapidly (Fig. 224). Now, if steel be 
tested as it comes from the rolls and has not been treated, its curve 
at the point called the yield point will be very similar to that rep- 
resented by OY,. The part 0 }’, is the elastic curve. If the steel 
had been red hot this same line would have taken a shape more 
nearly like that shown by 0 ¥’,; that is, it would have dropped 
down a little, probably, and then gone up very gradually, while 
in the first case that corner at /? would have been rather sharp. 
If that material in the crown sheet had been jacked up cold, we 
should find a new yield point, which is at the point ¥,. Now, 
apparently the material has a higher elasticity than it had at first, 
but the actual strength of the material will be still about the same 
as it was before, but it will not elongate as much as it did before, 
and if it is jacked up again we will again raise the yield point up 
to that point, Y,, and the curve beyond }’, becomes more nearly 
straight, and we will again have nearly the same strength of ma- 
terial, but the curve will be shortened at 3, and if we do that jack- 
ing up frequently the steel will be ruined, and likely to give trouble. 
If the furnaces were first heated and then jacked up hot the sheets 
would in each case be stretched, and their ductility lessened. As 
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the heating would be only local (in spots) excessive stress would be 
brought on the sheet where the color is no longer red, but blue, 
and it is a well-known fact that it is dangerous to work steel at 
that heat. The stress-strain diagram of the red-hot material would 
resemble 0 7,2, showing weaker and softer material, while the 
diagram of the blue-hot steel would resemble O Y,3. In either 
case the steel would suffer injury, and it is only a question of time, 
or number of repetitions of such treatment, to injure the furnaces 
irreparably thereby. 

As the corrugations in the furnaces mentioned are made while 
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Fig, 224. 


the steel is at a red heat, the stress-strain diagram of the steel 
would be like OY’, 2; the steel would be softer, have a lower yield 
point and resistance, but greater elongation than in its original 
condition, and it is not in quite as good a condition as plate in the 
condition in which it comes from the rolls. Iron which has been 
in use a long time, subject to heat, will behave as shown by O Y, 3, 
except that its tensile resistance will be decreased. That is, if it be 
tested after a long period of use it will fail, showing very slight 
elongation. Iron was, of course, made in different ways ; some was 
rolled out of properly rerolled iron carefully piled, while some was 
simply rerolled cover plates, then filled up with scrap, producing 


tas 

‘ 

old 


660 INVESTIGATIONS OF BOILER EXPLOSIONS. 


a good surface, of good ductile material, so called, which is ductile 
but which would not wear well in service. Old boilers, very 
many of them, at least, were made of such material; it is very 
rare to find any iron that was made thirty years ago in service in 
any boilers. I have never seen anything like it. But all of these 
effects can be distinctly traced by a careful test. They have been 
so well studied and so clearly defined that all that is necessary to 
do is to make a sufficient number of tests of different parts of the 
same boiler, and the evidence adduced from such tests will gener- 
ally, in fact I think almost invariably, explain what has happened 
to the material. 

Prof. Forrest P. Jones.—The material which was spoken of as 
coming from the exploded boiler, and which was tested by tension 
and bending, had not been subjected to the heat of the furnace, 
since it was part of the cylindrical portion of the boiler ahead of 
the wagon top and in front of the fire-box, coming from the side 
of the boiler; that is, not just at the bottom. It came from the 
water portion of the boiler. It was not in contact with the fire 
at all. 

Mr. W. M. MeFarland.—1 think it would be well for Mr. Hen- 
ning, on account of one statement which he has made, to define it 
a little more clearly. [understood him to say, in reply to Pro- 
fessor Aldrich’s question, that the plan of jacking upa furnace by 
heating the part that had bagged and setting it out would do as a 
temporary expedient until you could get to a navy yard and take 
the furnace out, from which I infer that his idea is that if the fur- 
nace had bagged once that was the end of it. So far as my ex- 
perience goes that is by no means the case, and from his own 
remarks a little later, where he spoke of successful jackings of a 
furnace, evidently he did not mean it either. Inasmuch as he has 
investigated the subject so thoroughly, I think it would be well 
if he would give some idea as to how many times he thinks the 
operation could be performed with reasonable assurance of safety. 

Mr. Henning.—I\ did not intend to intimate that one jacking 
up or reheating to a verysmall amount had that effect. I said 
that repeated reheating and repeated jacking up would gradu- 
ally produce this condition. The amount of jacking up, or the 
number of times that the space between staybolts can be jacked 
up, depends on the amount of deflection that has to be rectified. 
It is not possible to make a general statement in any case as to 
how often it can be done. It depends on many conditions. Every 
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time the furnace is jacked up the metal is injured more or less, 
and seams and rivets may also be loosened. How often that can 
be done properly I cannot say. I did not intend to’say that you 
would have to take the furnace flue out if it was done once, but 
only if it is frequently done with the crown sheets by simply putting 
a jack under the low part and jacking it up. 

Mr. MeFarland.—VPerhaps we are thinking of different things. 
You were evidently speaking of a locomotive fire-box. I had in 
mind a marine corrugated furnace ; that was what I was talking 
about. So far as I know with regard to the corrugated furnaces 
in marine boilers, this process of jacking up is quite a frequent 
thing. 

Mr. Henning.—My statement refers to any material which is 
treated in that manner. If material is strained in such a manner 
as to change its shape permanently its quality will always be in- 
jured. If a furnace, whether corrugated or staybolted, has 
changed its shape the material can never again be upset so as to 
bring it to its original condition. The section of some parts of 
the corrugations under treatment and some parts of the boiler 
will also be strained, and this will produce injurious effects in any 
material, which cannot be done often without serious injury. If 
the sheets are heated locally the effect is equally bad. If an 
entire flue were heated simultaneously the injurious effects would 
be slight, under moderate temperatures ; but it is always a thing 
which tends to injure the boiler. It makes no difference what kind 
of a boiler it is. Lam speaking of the effect on the steel, while the 
effect on the boiler is something that can be demonstrated by 
superficial inspection, which is a totally different thing. Although 
the treatment described affects the steel injuriously, the boiler as 
a machine is neither destroyed nor even made immediately dan- 
gerous. Frequent similar treatment will no doubt produce notice- 
able effects, which would become more pronounced were it not for 
the fact that an ample factor of safety is provided in the original 
design of the furnace. It is possible that the original method of 
manufacturing corrugated furnaces sometimes materially weakens 
the steel. But proper testing would demonstrate such effects. It 
may be necessary to jack up low spots in corrugated furnaces, but 
it certainly cannot do otherwise than gradually injure the material. 

It is my opinion that the furnaces of the Zadiana and Detroit 
“had come to be down,” because salt deposited on the low parts 
of corrugations and flat portions allowed the furnaces to become 
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red hot in spots. If for any reason a large area had become red 
hot there would have been failure of the furnaces. Those parts of 
the furnaces which did not become red hot supported the weak- 
ened spots, and their surplus strength, due to large factor of safety, 
prevented actual collapse. It is possible that a small amount of 
local bulging of the furnaces causes the scale or salt deposit to 
crack off, or water to flow in and thus cool off the metal before 
actual failure had taken place. This action is possible. The over- 
heating of small areas of course injures the steel if it reaches a 
high degree. The subsequent jacking after heating adds addi- 
tional injury by local reheating and by forcing the material back 
into its approximate position. Such necessary deformation can- 
not be anything but injurious, not only because of necessary de- 
formation of the furnace, but also because of actual injury to the 
metal. Reheating steel without subsequent uniform reworking 
always weakens boiler plate, and it is only a question of frequency 
of such treatment before palpable injury will arise. I have no 
hesitation in saying that most positive measures should be taken 
to prevent such downward bulging of corrugated furnaces. It is 
of course true that a great many tricks are employed in practical 
management of steam boilers, which, although injurious to their 
life, are almost necessary to keep the ships in running order and 
earning money. On the other hand, if boilers are designed and 
operated in such manner that such treatment becomes unnecessary, 
there can be no question that they woukl remain in good service 
for an indefinite period. 

The short life of marine boilers is notorious. Rough treatment 
causes deterioration and necessitates constant watchfulness and 
attention. It will hardly be denied that land or inland boilers 
remain in service for a much longer period than marine boilers, 
and no doubt the hard usage the latter get is largely responsible 
therefor. 
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DCCCXV.* 
THE POWER PLANT OF A UNIVERSITY. 


BY EDWARD A. DARLING, NEW YORK CITY. 


(Member of the Society.) 


INTRODUCTORY. 


One of the foremost industries in the United States to-day, as 
well as the most widely spread, is that which is commonly known 
as the “ higher education.” 

From the earliest days of the settlement of this country this 
industry has been most carefully fostered and encouraged, and 
its growth has been normal at all times to the growth of the 
country. 

It is no longer a thing apart, cloistered in monastic seclusion, 
wrapped up, for the most part, in questions of dogma or abstract 
philosophy, and emitting from time to time flashes of light of 
more or less illuminative value to the mass of mankind, but it 
is to-day, in this country, a corporate part of the body politic, 
instinct with the life of the people, alert to respond to the needs 
and requirements of a rapidly moving age, and throbbing with 
a patriotism that rarely fails to respond in time of trouble. 

It has received the countenance and support of men of every 
shade of religious and political opinion. It has been nurtured 
and enriched by private munificence and subsidized by national 
and State legislation, and is to-day accounted one of the chief 
bulwarks of the state, as well as the foremost of the forces that 
make for the upbuilding of the commonwealth. 

That gifts to universities and colleges have not always proved 
unmixed blessings has been largely due to two causes. The 
first was the common mistake of trying to get “too much for 
your money,” as evidenced by the erection of buildings of undue 
dimension, and of more or less flimsy construction, which become, 
in time, burdens on the institution owning them, through the 
moral obligation imposed of keeping them in use and repair. 


* Presented at the Washington meeting (May, 1599) of the American Society of 
Mechanical Engineers, and forming part of Volume XX. of the Transactions. 
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The second was that endowments for professorships and 
lectureships were invested in funds or real estate which bore too 
high a rate of interest to be stable, or the gifts were so specific 
in character that they could not be applied to other needs, when 
the original objects were no longer considered worthy of attain- 
ment. 

The testimony of a large majority of the boards of manage- 
ment of institutions of learning to-day would be that the most 
useful gift is that which is least specific in character. 

It has been a universally recognized principle in the adminis- 
tration of the higher education that the institution offering it 
should be as independent as possible of the fees of its students, 
to the end that the quality of the instruction should not be 
influenced by the need of increasing the number of fees received. 

The same law that in the commercial world influences people 
to buy where they can get the most and the best for their money 
is at work in the educational world, and where the intending 
student is not deterred by sentimental or family considerations, 
he, or his guardian, selects, as his future a/ma mater that institu- 
tion which makes the best tender to him, counting carefully the 
quantity and quality of its educational advantages, the prestige 
of its degree, the cost of tuition, and of living while in attend- 
ance, the distance from his home; and last, but not least, it 
must be said, its athletic and social possibilities, so important 
in the mind of the intending student. 

The universities of America are trusts, existing for the 
avowed purpose of giving to the student as much education.as 
possible—more than he has paid for. 

The same causes which make for success or failure in the com- 
mercial world operate here, and should be as carefully con- 
sidered as where the end in view is the purely selfish one of 
earning dividends. 

It may be that these educational trusts will not attain their 
full measure of usefulness until they come to realize the meaning 
of an industrial trust, with its combination of capital, its wise 
conservation of energy, and its avoidance of unnecessary and 
ruinous competition. 

Of course it would not be expedient, nor would it be necessary 
to carry the process of combination to the extreme limit which 
it has reached in some of the industries, but surely there are 
opportunities for consolidation in the case of groups of universi- 
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ties, colleges and professional schools, almost within sight of 
each other, working at cross purposes to similar ends, wasting 
to a certain extent their own energies and the funds of those 
who support them, doing this unwittingly and unselfishly too, 
for it often means hardship to those engaged in such fruitless 
competition. 

This process of combination would not only inure to the 
benefit of those most directly concerned—the faculties and 
students—but would tend to raise the standards of scholarship 
and of professional training throughout the whole country. 

A recent example of consolidation along somewhat similar 
lines might be cited in the uniting of the Astor, Lenox, and 
Tilden foundations into the New York Publie Library. 

Competition may be the life of trade, but it can easily be the 
death of progress in education. Its application, excepting at 
long range, should surely be as unnecessary in the propagation 
of the higher education as it would be in carrying on the postal 
system or in providing water supply for a community. 

The varied activities of a modern university make necessary 
the operation and maintenance of a library, a comprehensive 
system of lecture and recitation halls, laboratories, and work- 
shops, which are in themselves so many industrial enterprises 
on a small seale ; a system of museums, hospitals and clinics ; an 
astronomical observatory ; a printing and publishing establish- 
ment; an experimental farm, arboretum and botanical garden, 
equipment for scientific expeditions and field work; a chapel 
and academic theatre ; a gymnasium, with its attendant features, 
baths, athletic field and boathouse; a refectory, dormitories 
and other buildings devoted to the informal and social life of its 
students, and in addition to all these the necessary plant to 
furnish light, heat, power, ventilation, water, gas, ete., wherever 
needed. 

The personnel of a university includes besides its president, 
board of trustees or governors, and the officers of instruction, 
who form the “line,” a body of administrative officers which 
“may be called the “staff,” and a force of petty officers and en- 
listed men, which includes clerks, engineers, mechanics, janitors, 
porters, messengers, firemen, gardeners, laborers, ete. 

The government of an enterprise of this kind must be earried 
on with an eye single to the main purposes in view-—to husband 


its resources and increase its capital and plant to meet the in- 
43 
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creasing demands of latter-day civilization; to recruit carefully 
from the best material obtainable its teaching and administra- 
tive force, men and women who will in turn seek to add strength 
to the institution in every way possible. 

To foster and encourage instruction and research in branches 
which do not appeal to popular favor, but which, none the less, 
make for the well-being of the body politic. 

To stimulate and help those who hunger for education, but 
lack the means of paying for it, without encouraging the evasion 
of just payment by those who can and should make due return 
for their education. 

To maintain an impartial attitude toward all the professions 
to which it sends recruits, where there is the constant tendency 
on the part of one or another of these professions to secure, 
through its representative in the teaching force, an undue 
amount of attention and an unfair share of its funds, at the same 
time giving to each professional school the greatest possible 
latitude for development and usefulness in its own peculiar field. 
In short, to increase the scope of the institution, and add to its 
usefulness in every way possible. 

The economic relation which exists between the teaching force 
of a university and its material plant is very much the same as 
that which exists in an industrial establishment between the 
working force it employs and the equipment which it operates. 

A manufacturing concern which would hold its own in this age 
of keen competition must not only employ the very best engineer- 
ing and administrative talent, and the most intelligent and efti- 
cient labor, but it must also have well-arranged, commodious 
buildings, and machinery which embodies the very best and 
latest practice in its particular field. 

To neglect either the personnel or the matériel is to court 
gradual decay and ultimate defeat. 

In all relations between mind and matter a nice balance is 
difficult to maintain, but it should none the less be striven for, 
and to ignore or underrate the full value of either part of the 
equation is the part of unwisdom. 

The operation of a university on the material side is becom- 
ing more and more a matter of concern to those who direct its 
destinies and who have to provide the funds. To keep down the 
fixed charges in what may be called its housekeeping depart- 
ment to the closest limit consistent with efficient service; to 
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maintain its equipment at the highest state of efficiency ; and to 
secure the erection of buildings best suited to the purpose for 
which they exist, and which shall, by their symmetry and dignity, 
give architectural expression to this purpose—these are all 
questions of the very first importance. 

In planning and operating its buildings and equipment, ad- 
vantage should be taken, not only of the experience of other 
universities, but of the experience of those who may have 
worked out solutions of some of their problems, with perhaps 
vreater success, in the commercial and industrial world. 

From recently compiled statistics it appears that the colleges 
and universities of the United States carry on their rolls 165,0U0 
students, and employ 10,000 teachers. 

They have an aggregate capital of three hundred millions of 
dollars, and their annual disbursements amount to fifty-two 
millions. 

Great as these figures seem, they are relatively small when 
we consider the vital importance of this interest to the whole 
country, and when we remember that a single railroad corpora- 
tion has an invested capital more than twice as large as all the 
universities and colleges together, and when we consider the 
yearly budget of the city of New York alone to be ninety mil- 
lions of dollars. 

It is the purpose of this paper to describe the design and 
installation of the engineering plant of one of our universities, 
to show in outline the building equipment it serves, and to give 
a few pages from the log-book of the operation of this plant. 

If the telling shall prove of interest to the members of the 
Society, and be of some small profit to those directly interested 
in similar enterprises, its object will have been attained. 
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The history of this university is not unlike that of others 
among the older universities of this country. 

Like these, it began in a small way, with a single professor, 
who was also its president, instructing a half score of students, 
without an endowment or even a home of its own. And it 
has gradually grown as others have grown, until to-day it 
uumbers its teachers by the hundred, its students by the 
thousand, and measures its capital by the million. 

It counts among its graduates men who have left a mighty 
impress on affairs of state and church and science. 

During the period from its foundation as King’s College, in 
1754, until the breaking out of the Revolution, it showed its 
loyalty to the Crown by sending out twelve graduates who 
became ofticers in the British army, and one who became an 
admiral in the British navy. These men, in time, did their part 
toward the expansion of what is now the British empire. 

When the Revolution came twelve others clave unto their 
native land and became officers of the Continental army, five 
others were delegates to the Continental Congress, and in the 
stormy period that immediately followed the Revolution three 
others, Hamilton, Jay and Morris, exercised a paramount influ- 
ence in the formulation and ratification of the Constitution of 
the United States. 

During this period the name of the institution was changed 
from King’s College to Columbia, the first time that name was 
made use of in history. 

General Washington, who we should be proud to remember 
was an engineer, lent his aid to the rehabilitation of the college, 
giving his surveying instruments to form a beginning for an 
engineering equipment, and entering his stepson as a student. 

In the early part of the present century three of its graduates 
took a hand in the development of engineering in this country. 
John Stevens introduced the steam railway and the screw pro- 
peller, Chancellor Livingston furnished the funds for Fulton’s 
experiments, and De Witt Clinton cut the Erie Canal. 

During the years that have intervened between that time and 
this, Columbia College has paralleled the work of its sister 
universities and colleges with varying success. 
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COLUMBIA UNIVERSITY, FIFTY-NINTH STREET SITE. 


DEPARTMENT OF BUILDINGS AND GROUNDS. 
PowER Housk LoG ror WrEK ENDING APRIL 2, 1899, 
March 27 Monday.... 1.25 | 3,340; 36 8 30.7 | .45) F.| 14 | 14 8.484 +4 | 24 1 1.25, 2 | 10,450 $17.10 
1.05 3.200 38 20.6 42' I 615 8,700).... W 4 »4 11.2 «9.264 17.10 Replaced broken arm on brine pump No, 2. 
29 Wednesday 1.33 | 3,484 37 8 2.3 .43 8 15 8,671 W.!.. 24 1 1.25) 2 | 8,120) 17.10 
1.25 3,018 40 90 | 44| C. | 14] 15 ]....]....] 8,688).... .| 24 | 24 W 24 8 | 24 2 10.4] 98,990) 17.10 
31) Friday 87 | 2,484 46 96 | 20.55) F. | 14 | 15 ]....]....| 6,148)... 11.5 2 | 12,060) 17.10 Holiday. 
April 1.25 | 3,300) 35 68 | 2.7 | | 15 )....]....) 7,428). | 6 | 24 12 11.88) | 0,408) 17.10 
Sunday 24] 24 | 6.9 | 1.00 | 2,630) 34 | 84 29.9) 40 15! 15 6,000|....|.... 24 24 24 |....| 3) 1 11.2} 2 | 8,360] 17.10 
Summary and gol 168 |168 58.4 8.00 21,486 38 Pree 99 104 53.997 ... 168 168 14 70,829 119.70 


REMARKS: 


The figures given under * Boilers,” 
B. under * Boilers,*’ means banked. 
w. * washed. 
F. ‘* “Weather,” clear 

cloudy. 
Ss. rs, stormy. 
rain, 


** Engines,”’ Pumps,” etc., indicate hours run 
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COLUMBIA UNIVERSITY, 116TH STREET SITE, 


DEPARTMENT OF BUILDINGS AND GROUNDS, 
Power Hovusk FoR WEEK ENDING APRIL 2, 1899. 
Borers = TEMPERA- DyYNAMos Hours a is = ie 
= = TURE. = = & & = | 2 
28 Tuesday.. 24 43.38 6.65 29.6 .60 R. 2.45.7.40 9100 15.970 24 16.5 1.5... 100 1 1 1.75 13.700 33.76 
29 Wednesday 24 25.05 61.600 78 2.3) F. 2.407.0)....| 6 7.410, 8.250 15.660 24 10 1.50 8.200 33.76 Swimming poo! filled + hours 
300 Thursday 16 22.33 65.017 3.5 80 | 20.6 | .60) |....;....| 8,180) 15,908; 24).... 16.5).... 11.5)....) 8.5).. W 1 1 2 5.300 33.76 
» 
April Saturday. 21.43, 52.790 81 29.7 72, F 1.40 ....) 4,020) 5,275 9,205 24 ; 2 1.90) 32.10 Centred No. 2 and No. 4 Engines to trammel. 
2 Sunday } = 11.66 28.500 4.5 99 9 65, I 1.200 32.10 
Ss yan erages 4.40) 25.3 25 «168 32 5 5.25! 5 33 


REMARKS: 


The figures given under Boilers,’ ** Engines,’* Pumps,” etc., indicate hours run. 
B. under * Boilers,’ means banked. 

W. under ** Filters,’’ means washed. 

F. under Weather,’’ means clear, **C* cloudy stormy, ** 2” rain. 
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Although it has been called Columbia College until very 
recently, it has almost from the first exercised the functions of a 
university, in graduating men in the learned professions ; and 
its schools of medicine, law, political science, philosophy and 
mines, have long been among the foremost in this country. 

Like its neighbor, the University of Pennsylvania, it has always 
carried on its work within the confines of a great city, and has 
been compelled to move its site from time to time as the city 
grew and compelled it to seek more roomy quarters. 

While these removals would seem to be a disagreeable and 
wasteful necessity, on second thought they appear to work a 
great advantage, in that they permit a renewal of youth on the 
part of the institution, and the erection of buildings more suitable 
to the needs of succeeding generations. 

The university proper is now occupying its third site, and the 
medical school has had no less than five removals. 

In 1887 the medical school, or more properly the College of 
Physicians and Surgeons, was moved into its present spacious 
quarters in Fifty-ninth Street, and just ten years later the other 
departments of the university took possession of the new site on 
Morningside Heights. 

The College of Physicians and Surgeons is now located oppo- 
site a great hospital, in a district best suited to its activities, 
and the university proper is seated on a hill-top, in a region of 
quiet, where the currents of traffic are not likely to disturb it 
for many generations to come. 

Both sites are on Amsterdam Avenue and from the clock 
tower of the College of Physicians and Surgeons the dome of 
the library looms up three miles away to the northward. 

The present home of the College of Physicians and Surgeons 
was almost wholly provided for by gifts from different members 
of the Vanderbilt family, namely, the purchase of the site and 
the erection of the original building by William H. Vander- 
bilt, and the subsequent additions of the clinic, the Institute 
of Anatomy, and the Sloane Maternity Hospital, which were 
provided for by the sons, the son-in-law and the daughter of 
Mr. Vanderbilt. 

The present dean of the college, Dr. James W. McLane, had 
been the means, in the first instance, of enlisting this powerful 
interest in the upbuilding of the school, and since its reincorpora- 
tion as an integral part of the university, which took place in the 
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second year of President Low’s administration, it has reached the 
very front rank of the world’s medical schools, with an equipment 
which is at once the most modern and most complete in exist- 
ence. 

A ground plan and a view of the buildings as they stand to-day, 
taken from the grounds of the Roosevelt Hospital opposite, are 
shown in Figs. 225, 226, 227. 

The lines of the buildings as they were erected in 1887 are 
hatched inside the lines of the completed structures, and give 
some idea of the rapid growth that has taken place, a growth that 
was hardly foreseen, for it might, perhaps, have been placed to 
better advantage. The experience gained along this line by the 
trustees was, however, soon to be made use of in planning for the 
new university. 

The buildings are of a plain and most substantial character, and 
do credit to the skill and good judgment of the architect who 
designed them, Mr. W. Wheeler Smith. The total investment for 
buildings and equipment is something over two and a half millions 
of dollars. 

When the original buildings were erected the power plant, 
which was located in the basement of the principal building, con- 
sisted of a battery of five horizontal tubular boilers, working under 
40 pounds steam pressure, which furnished steam for heating 
and for the operation of a 300-light, belted bipolar generator, 
seven ventilating fans, a steam laundry, and a single hydraulic 
elevator. 

Th generator was run from 4 until 10 p.m., during the winter 
months, for lighting the large lecture rooms and dissecting room 
in the main building. 

The only call for steam all the year round was for operating 
the laundry in the hospital. Simple as this plant was, it was then 
the most complete of its kind in this country. 

When, in 1891, the medical school became a corporate part of 
the university, and it then began to share the benefits of the gen- 
eral endowment, the consequent extension of the curriculum made 
necessary the extension of buildings and equipment. 

This extension covered a period of six years, and, beginning 
piecemeal, it was difficult to see at first the lines along which the 
growth would take place. 

The problem which this growth presented, of providing for the 
physical needs of those who carry on modern medical education, 
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gave an opportunity not only to provide for their expressed 
needs but also to give to this body of workers the facilities of a 
modern hotel, office building, or factory, in so far as they could 
make use of such. 

The result has not proved disappointing. The field of medical 
education has been so long a /erra incognita to the average lay- 
man, wrapped in a seclusion that is most natural and fitting, no 
doubt, that one should not have felt surprise at finding this school, 


Fie, 227, 


in common with all others, keeping its dissecting material on ice 
or in pickle. 

A 20-ton refrigerating machine was promptly installed and 
put to work, not only on this material in storage, but also in cool- 
ing the air for the great dissecting room in the top of the 
building. 

It is interesting to note in this connection that when it was 
proposed to make this installation, the consensus of opinion 
among the members of the faculty was, that while it would, no 


doubt, be a good thing for anatomy, the other departments did 
not need it in their business. 
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That this attitude only showed conservatism in a profession 
that must be conservative, above all things, is evidenced by the 
fact that now artificial refrigeration is used everywhere in the 
school where it can be used, and has opened up fields for most 
fruitful investigation. 

Its successful operation here has been followed by its adoption 
in several other medical schools and hospitals, both in this 
country and abroad. 

The details of this part of the plant will be given further on. 
The subject has been referred to here merely to illustrate the 
wisdom of seeking to find new fields for old appliances. 

The evident intention of the university trustees to advance 
the school as rapidly as possible was shown in the immediate 
addition of two stories to the north wing of the main building, 
which.was immediately responded to by the original donors, 
who, in turn, provided funds for extensions that have doubled 
the original capacity of the buildings. 

To enlarge the power plant and its accessories in a way that 
would entail the least waste of money already invested, and yet 
make a creditable engineering exhibit of the whole outfit from 
the standpoint of operating expenses, which ought to be the 
viewpoint of people who have to live on a fixed income, was a 
comparatively simple matter; although the putting together of 
a plant of the kind, which must run, at least in part, day and 
night all the year round, and which must serve a nervous and 
exacting population that cannot be expected to understand 
breakdowns or stoppages, demanded careful reflection. 

Then there was the little matter of “indents,” as McPhee 
. would say, and the fact that a mistake will stare one in the face 
for a long time. When a college gets a thing, it usually has to 
keep it until it wears out or somebody gives it another. 

The revamped plant is shown in plan. 

The boilers are placed in a compartment by themselves, under 
what is in effect a court between the main building and the 
institute of anatomy, on the east side, with coal bunkers of 
350 tons capacity opening into this compartment from the cellar 
of the north wing. 

The space between the boiler room and the engine room con- 
tains the feed pumps and elevator pump, the 20-ton ice ma- 
chine, and the heating and ventilating system for the original 
main building, air being delivered to the fans by down-takes 
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which are built up against the wall to the level of the third 
story, this arrangement being now used for all the fans in the 
entire group of buildings, to the end that we may serve air as 
free from dust as possible. 

The engine room occupies a space similar to the boiler room, 
to the west of the main building. Like the boiler room, it is 
amply lighted by skylights, and is free from columns or obstruc- 
tions of any kind. 

This room contains the engines and generators, the water- 
service pumps and filters, and the 50-ton ice machine. The 
chief engineer, who has a desk in this room, can keep an eye on 
the water, light, and refrigerating service without leaving his 
chair. 

Two views are here given of the engine room, one looking 
north toward the switchboard, the other looking south toward 
the ice machine. (Figs. 225 and 229.) 

This room opens, it will be observed, north into the basement 
of the Vanderbilt Clinic, where the fans, heating stacks, and 
elevator machinery of that wing may be readily got at, and where 
are also located the repair shop and storage batteries, east, 
into the boiler room, south, into the Fifty-ninth Street wing, 
where the brine tanks and cold storage chambers are located, 
and west, through a tunnel into the basement of the Sloane 
Maternity Hospital. At the beginning of this tunnel may be 
noted a hatchway, for the taking in and out of machinery from 
the driveway overhead to the engine room below. 

This point, by the way, is occasionally overlooked in the plan- 
ning of buildings, as some of our members may know to their 
Sorrow. 

The plant is called on to serve the college proper in full opera- 
tion during eight months of the year, and to a limited extent 
during four months, and the hospital and clinic the whole year 
round. 

This exacting service knows no respite on Sundays or holidays, 
and requires for its operation a chief engineer, two assistants, 


one machinist, two oilers, two firemen, and two coal-passers who 
act also as helpers. 

This force is divided to stand two twelve-hour watches. 

On Sundays and holidays, the work being lighter, the force 
alternates on shore leave. 

The wages paid are as high as the average in New York city, 
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and every man is given two weeks’ holiday in the summer. Full 
py is given for absence on sick leave, and the facilities of the 
clinic are extended to all the employees. The policy here out- 
lined secures for the university a capable and willing service. 


The Boilers. 


There are five horizontal tubular boilers, 16 feet by 54 inches, 
rated at 60 horse-power each, carrying 40 pounds pressure, used 
for heating purposes, and two water-tube boilers of the Root 
pattern, rated at 150 horse-power each, having 108 4-inch tubes, 
12 feet long, working at 110 pounds pressure, supplying steam 
for power. 

All the boilers deliver their flue gases through an overhead 
breeching to a brick chimney 90 feet high, having an effective 
area of 14 square feet. This stack had a 36-inch cast-iron pipe 
set in it when first built to serve the original boilers, and when 
the new boilers were added this was abandoned and the annular 
space around the pipe used as a stack. Hobson’s choice. We 
may some day go back to the iron pipe, and use a blower or an 
exhauster. The present method gives anample draught, however, 
and the pipe is anchored into the brickwork in a way that defies 
extraction. 

Anthracite buckwheat coal is used and is wheeled in large 
barrows from the bunkers. The ashes are wheeled in the same 
way to a hydraulic hoist, which in turn delivers to carts stand- 
ing in the court, where the coal is weighed and delivered 
through a chute to the bunkers below. 

Feed water is taken from two pumps, which in turn take water 
from the feed heater and the return and drip tanks. 

Grease extractors are used throughout, and no difficulty has 
ever been experienced from the little oil that gets into the 
boilers. 

The page from the log-book (see table facing) gives a week's 
run of the plant. 


Ventilating and Heating System. 


Air is forced into the buildings by a series of blowers located 
in the basements of the different buildings. The blowers which 
were put in first are belted to engines, the central group of five 
being driven ‘by a single high-speed automatic engine; the 
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newer fans are motor driven, and it is hoped in time to have 
them all operated in this way. 

Exhaust fans are used for accelerating the removal of foul air 
from laboratories where fumes are generated. 

Heating is done on both the direct and indirect system. In 
the buildings first erected a system of twin ducts, one giving hot 
and one cold, was installed; mixing dampers set back of the 
register in each room being regulated to give the desired tem- 
perature, the cold air by-passing the heating stack set back of 
each fan. 

In the newer buildings the incoming air is tempered as re- 
quired, and radiators are placed under each window, The entire 
system was installed by Mr. William J. Baldwin, and has proved 
satisfactory in operation. 

The most difficult point to ventilate, as may well be imagined, 
is the dissecting room. 

This room contains seventy-six tables all told, and is the 
largest in use anywhere. 

As first constructed, it extended the whole length of the south 
wing and was lighted by a series of large skylights of the 
ordinary pattern. During the winter months there was no 
trouble in controlling the temperature in the room, but when 
the sun was high, in the fall and spring, the skylights acted like 
the roof of a greenhouse, and heavy canvas awnings had to be 
rigged over their southern facets. 

When the Lwas added to the south wing and its top story 
was thrown into the dissecting room as an enlargement, we 
borrowed a leaf from the book of experience of those who oper- 
ate factories, and put a weaving-shed roof on, to give north 
licht only. 

Fresh air is sprinkled into the dissecting-room through the 
perforated cornice extending all the way round, and the foul air 
escapes through registers located near the floor, In warm 
weather registers set at the base of the skylights and in the 
ens of the weaving sheds are opened and the system reversed. 

When the first ice machine was put in we set up a coil of 1}4- 
inch brine pipe, containing over a mile of pipe, in the settling 
chamber of the ventilating fan that supplied this room, and 
when the temperature of the outside air rose above 70° turned 
ou the brine circulation and held the temperature down to the 
point named, 
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This scheme, though effective, proved very wasteful in opera- 
tion, as the air was reheated in coming up through the outside 
building walls. 

When the new wing was added we absorbed the heat directly 
by running brine coils along the ends of the weaving sheds, and 
we find this way more efficient. While the room would hardly 
pass muster as a sanitarium, the air is remarkably good at all 
times. 

As the arrangement described is the first of its kind, a photo- 
graph, which has been reproduced in Fig. 230, may prove inter- 
esting. 

Attention is called to the drip trough under the coils. 

Perhaps the chief benefit derived from the use of the cooling 
coils is the drying effect produced on the incoming air. On 
humid days a considerable stream of water trickles away in the 
troughs. 

It is a well-known fact that in dry climates, even where a high 
temperature obtains, meat is cured in the open air. Moisture 
in the air induces decomposition and the consequent generation 
of offensive gases. 

Brine coils are also used for cooling the air and extracting its 
moisture in sultry weather, in the ventilating system of the 
Maternity Hospital. In this case the coils are distributed in 
the down-take air shaft, and they are staggered in order to baftle 
the current and at the same time render the coils easy of access 
for inspection and painting. A vertical section of the shaft is 
shown in Fig. 231. 


Refrigerating Plant. 


This consists of two Polar absorption machines, one of 50 
tons capacity, the other rated at 20 tons. 

The choice of this system was made on account of the com- 
parative simplicity of its operation and its freedom from noise 
and vibration, in a place where these points are all-important. 

The large machine is used during the warm months and the 
smaller for the light service demanded during cool weather. 

Steam is supplied to the generators at 45 pounds pressure, 
through the medium of a reducing valve. 

The 50-ton machine requires a working charge of 700 pounds 
of anhydrous and 5,000 pounds of aqua ammonia, and the 20-ton 
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machine 300 pounds of anhydrous and 2,100 pounds of aqua 
ammonia. 

Condensation is provided for by the circulation of the house- 
service water,a large amount of water fortunately being used 
throughout the buildings. A brave attempt was made to get 
well water for this work, on account of its uniformly low tempera- 
ture, but a hole 8 inches in diameter, driven down 250 feet in the 
seamy gnarled rock formation on which New York stands, barely 
yielded enough moisture to wet the drills. 

The driller offered to go on till he struck the usual possi- 
bilities, after the manner of his kind, at $5 per foot, perhaps ; 
but we tarried there. Some day we may take counsel of our 
courage and make another stab at it. Others have succeeded, 
and this is not commonly counted a dry town. 

Chloride of calcium has been used from the first in making up 
the brine, of which there is 50 tons in cireulation. It does not 
corrode the pipes in the first place, does not deposit at zero 
temperature in the second place, and it costs little, if any, more 
than common salt. 

Particular attention is cailed to what may seem the abnormal 
size of the brine tanks. 

Those who are familiar with New York weather will remem- 
ber that it blows hot and it blows cold in a somewhat trying 
manner. 

The large tanks act as storage batteries, so to speak, and take 
care of the peaks of the load, allowing the ice machines to follow 
the even tenor of their way at a normal working rate. 

During the hot weather the machines are run day and night, 
catching up at night on the heavy drafts made on them by the 
heat of the day. 

During cold weather the machines are shut down for as long 


as forty-eight hours at a time, the great body of cold brine rising 


only a few degrees in temperature during that time, the only 
sign of life about the plant being the slow-moving brine pump. 

The work they are called on to perform is of a varied charac- 
ter. The cooling of the ventilating air has already been alluded 
to. There is in addition the operation of two cold-storage rooms 
for the department of anatomy, these rooms ranging from 10 
degrees to 20 degrees Fahr.; a cold-storage room for patholog- 
ical material, kept at about 30 degrees Fahr.; a series of refrig- 
erator compartments for bacteriological cultures, ranging from 
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10 degrees to 6) degrees Fahr. as required; three cold-storage 
rooms and six refrigerators for keeping vegetables, meat, milk, 
and other food supplies in bulk and in detail in the hospital. 
Then in addition to these is the making of the ice needed in the 
whole establishment, averaging about 250 pounds per day. 

It would be a somewhat difficult and intricate matter to keep 
a tally sheet on all this work as an index to its efficiency, al- 
though both machines have been carefully tested and found able 
to execed their rated capacity on the coal and water consump- 
tion stated in the specifications. 

What is more important, from the operator’s standpoint, is the 
knowledge that they have furnished continuous service without a 
serious breakdown since the first one was installed, six years ago. 

The form of log kept for the ice machines is here shown: 


TABLE J. 
COLUMBIA COLLEGE.—-MEDICAL DEPARTMENT. 


DaILy RecorD OF REFRIGERATING APPARATUS. 


BRINE 
STEAY Wa‘ 
TEAM AMMONIA PRESSURES. TEMPERATURE. 
PRESSURES TEMPERATURE. 
OOLER 
Time. REMARKS. 


Gener- Gener Cond’r. Absorb 


doiler. ator. Cooler, Inlet Outlet Inlet. Outlet, 
A.M. 
- 60 45 80 15 14 24 24 4] 98 | 
2. 65 45 80 14 13 22 16 4] 4) | 
15 80 13 12 20 14 41 
4.. 60 45 80 12 11 19 13 41 88 | 
5d. 695 45 80 11 10 18 12 41 98 | 
6. 65 45 8) 11 10 17 11 41 99 
7 65 45 80 11 10 16 10 42 100 
8 65 45 85 10 9 15 9 42 98 
a 65 45 90 10 9 14 8 42 98 
10... 65 45 90 9 8 13 7 42 98 
11 65 45 90) 9 8 12 6 42 98 
Pes 65 45 90 8 qT 12 6 42 98 
PLM. 
1 65 45 GO 8 7 10 5 42 98 
2. 65 45 9) 8 7 10 5 42 99 
3. 65 45 85 8 4 9 4 42 99 
4 65 45 SD 7 6 9 4 42 99 
5 65 45 85 7 6 9 4 42 100 
6 65 45 85 7 6 iT) 4 42 98 
7 65 45 80 6° 5 8 2 43 99 
8 65 45 80 6 5 7 1 43 99 
9 60 45 80 6 5 6 0 43 99 
10 60 45 80 6 5 5 q 43 99 
11 60 45 80 6 5 4 5 43 100 
12 60 45 80 5 4 3 43 100 


Dated January 24, 1898. 
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Elevators. 


There are two combination freight and passenger hydraulic 
elevators and a hydraulic ash lift in the main building and the 
institute of anatomy wing, served by a 14 by 10 by 12 duplex 
pump located in the engine room. 

The elevators are of the ordinary Otis type. The ash lift was 
specially designed by the Otis Company, and is worthy of notice 
on account of its extreme simplicity, quick motion, and case of 
handling. It is shown in the accompanying cut (Fig. 232). 

The ash buckets are lifted directly from the level of the boiler 
room floor to the tail of the cart, to be dumped, the load rising 
at double the speed of the ram. 

In the hospital and clinic there are two electric passenger ele- 
vators and two electrie freight clevators, one of which delivers 
supplies to the hospital kitchen, which is located on the sixth 
floor. An electric dumb-waiter operates between the kitchen and 
the dining rooms of the wards on the floors below. 

This arrangement of wards, by the way, renders isolation in 
case of sepsis a comparatively easy matter. It also makes easy 
the disposition of soiled clothing, etc., by means of a large 
copper-lined chute with inlets at each floor and delivering 
directly into the laundry in the basement. 


Auxiliary Apparatus. 


Under this heading may be mentioned: The steam sterilizers 
for the operating rooms, in which all the paraphernalia of a 
modern surgical operation is sterilized. 

The air compressor for supplying air under pressure for opera- 
tions on the nose and throat, the air having been previously 
freed from dust by passing through a filter chamber filled with 
cotton-wool. 

The culture ovens and sterilizers used in the bacteriological 
preparation room, some of which are shown in Fig. 233. 

The principal feature of this outfit is the sterilizer, which we 
designed for the preparation of seram on a large scale. The 
test tubes, filled with serum and corked with cotton-wool, are 
placed in wire baskets, which in turn are deposited on wire trays 
resting on lugs cast on the inner wall of the sterilizer, which is 
a simple steam-jacketed kettle. The heavy lid of the kettle is 
counterbalanced and comes down on a thick rubber gasket, made 
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steam-tight by means of hinge bolts. Steam is then turned either 
directly into the kettle or into the jacket as may be required; a 
trap returns the condensation to the drip tank in the boiler room. 

Some idea of the extent to which mechanical engineering 
serves medical instruction may be given when we state that the 
physiological laboratory uses 100 feet of line shafting in its 
business and keeps a first-class machinist busy making and 
set ing up apparatus all the time. 

In the department of anatomy there is, in addition to the 


— 


Fig, 233. 


refrigerating equipment alrezdy mentioned, a macerating room 
fully equipped with steam and corrosion vats and a reverbera- 
tory cremating furnace in which a fuel-oil blast is used. The 
work in this room covers the preparation of material for the 
museum of human and comparative anatomy, and the apparatus 
used must be of sufficient capacity to take care of the largest 
mammals. 


Several elephants have emerged from its processes in the 
form of gleaming skeletons. 
The articulating and mounting of bones are done in a well- 
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equipped little shop by a machinist who has been trained here 
in this line, and who, like his mate in Physiology, was recruited 
from a neighboring iron-works. 

An addition to this equipment is contemplated in the shape 
of an outfit for making frozen sections of entire animals, which 
will be fastened down on a carriage and run through a band 
saw. 

In coneluding this part of the paper, it is only fair to state 
the impression of the writer, gained in an extended period of 
service in this direction, that there is now no profession more 
keenly alert to the advances made along what it perceives are 
parallel lines in other fields of human effort than the medical 
profession. 

The New Site. 

When, in 1891, the trustees came to the conclusion that 
Columbia University could not very well grow with a roaring 
railroad on one side and prohibitive real-estate values on the 
other three sides, they appointed a committee on site to report 
what had best be done under the circumstances. 

Immediately there began to come advice to the committee 
from all sides, the alumni, the press of the city, and friends who 
take an interest in Columbia’s welfare. 

Some thought that the university should be taken bodily out 
of the city and be planted in the country where ground was 
cheap and shade was plenty. 

Others took the view that the college or academic department 
might be given a sylvan retreat, but that the professional 
schools had best be kept in close touch with city life. 

The committee, after patiently hearing all sides, took the safe 
middle ground and recommended to the trustees the purchase 
of a site which, while it lay on the exact geographic equator of 
the city, was in a region of parks and broad avenues and was of 
sufficient extent to ensure ample breathing space and the oppor 
tunity for great expansion. 

The name of this region was originally Bloomingdale, an an. li- 
cized form of Blomendael, a suburb of Haarlem, which is in 
turn a suburb of the old city of Amsterdam—names most appro- 
priately given by the Dutch pioneers to their then new settle- 
ments, and pity it is that, in the ruthless growth of the city. 
these old names bid fair to be merged into mere numbered 
wards and districts so meaningless when compared with the 
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historic regions of Rome, which have lasted down the centuries 
and almost tell its history. 

One of the battles of the Revolution was fought on this 
ground, and during the war of 1812 a line of earthworks was 
thrown up across it to defend the city from the north. 
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In 1825 it was purchased by the New York Hospital for the 
establishment of an insane asylum, and the name became almost 
a byword in the land. 

The purchase of the site, at a cost of two million dollars, was 
completed. 
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It comprised a plot 165 acres in extent lying between Amster- 
dam Avenue and Broadway on the cast and west and between 
One Hundred and Sixteenth Street and One Hundred and 
Twentieth Street south and north. 

The trustees immediately entered upon a campaign of 
deliberate and careful study of the problem before them. This 
campaign covered a period of three years, and not one moment 
of time was wasted. It meant simply “ Be sure you are right, 
then go ahead.” 

It meant the development of a building plan that would be in 
effect a written constitution for the growth of the university for 
at least two generations to come; a plan that would combine 
architectural dignity and symmetry with a mobility that would 
meet the constantly changing needs of university life and would 
provide for the ultimate use of every foot of ground for buildings 
that could be fairly demanded by succeeding generations of 
teachers and students. 

Architecture is perhaps the oldest art in the world, and the 
development of such a plan did not call for invention on the 
part of the advisory commission of architects whom the trustees 
called to their aid. 

Building schemes in every variety of form that have required 
ages for their realization exist in the cities of Europe, and a 
patient process of selection hnd adaptation will yield sure and 
safe results. 

After a careful survey, which included a series of borings, a 
topographical relief map of the site was made (Fig. 284), and 
comparative plans for the entire development were submitted 
by the architects, who composed the advisory commission. 

The plan from Messrs. McKim, Mead & White proved most 
acceptable to the trustees, and that firm was retained to carry 
forward the work. 

At first it was thought that the substantial group of buildings 
formerly used by the asylum, and representing an investment of 
$900,000, might be worked into the plan, in order to lighten the 
financial burden that began to loom large in the development, 
but it soon became apparent that they would have to be ignored, 
because they prevented any scientific development of the ground 
as a whole. Accordingly only such as did not immediately 
interfere with the new buildings could be made to serve tem- 


porary purposes. 
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A patient process of evolution and reduction finally brought 
the plan to the form finally adopted, which is shown in Fig. 236, 
together with profiles running north and south on the major 
axis, and east and west on the minor axis, of the group (Figs. 
237 and 238). 
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The plan called for the creation of a great platform, 750 by 
575 feet, comprising the southern portion of the plot, taking the 
highest natural level, which was 150 feet above the Hudson 
River and from 12 to 25 feet above the surrounding streets. 

On the centre line of this platform the library building (Fig. 
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252) was to form the pivot. Directly back of the library, which 
faced south, University Hall, containing the refeetory, aca 
demic theatre, gymnasium, baths, and power plant, was to be 
placed ; and flanking the library on the east and west were four 
groups of educational buildings, forming as many quadrangles. 

The basements of the buildings on the outer line cf the plat 
form are entirely above ground, and the breaks between the 
buildings are connected by retaining walls. 

The basements of the inner line of buildings facing the library 
are entirely below ground. 

The buildings have a common height of 69 feet from water- 
table to cornice, and the height of stories is the same in all 
buildings except the library and University Hall. 

North of the platform the natural level of the ground con- 
formed nearly to the level of the surrounding streets, and a fine 
grove of trees that occupied this portion suggested the creation 
of a college green, to be surrounded by an ornamental fence 
and interlaced with drives and walks. 

When the plan had been decided on, two institutions, which 
are now a part of the university system, the Teachers’ College 
and Barnard College, purchased sites directly facing the green, 
to the north and west. 

It has been subsequently decided to place four dormitories 
around the green for the accommodation of students. These are 
shown on the plan, lettered A, B, C, and D. 

The Italian Renaissance was the style decided on for the 
entire group of buildings, as being best adapted for an urban 
composition, giving as it does the greatest opportunity for 
securing abundant light and that flexibility of treatment de- 
manded by the diverse and constantly changing phases of uni- 
versity life. 

Uniformity and symmetry in plan and elevation called for 
harmony in color and texture. 

Granite was the foundation to start with, and it was accord- 
ingly adopted for all basements, retaining walls, steps, and 
balustrades, and the masonry of the fences and gates. 

It must needs be of a warm tone to harmonize with the lime 
stone of which the axial buildings were to be constructed, and 
with the red brick and limestone of the outlying buildings. 

All pavements, both inside and outside the grounds, are of 
red brick with Joliet stone borders. ‘The entire color scheme is 
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thus kept warm in tone, an effect that is appreciated in buildinys 
which are looked at most in winter, and that harmonizes well with 
the green of the grass and trees in summer. 

With a view to securing the lowest possible insurance rates, 
as well as the desire to avoid the inevitable embarrassments 
and delays caused by fire, if was decided to use through 
out the most approved form of fireproof construction. All 
trusses, girders, and beams must therefore be of steel, all 
columns either of steel or iron, and all floors, partitions, and 
roofs of hollow brick or tile. The columns and girders should 
he protected from fire by tile or expanded metal lath, plastered. 

Stairways either entirely of stone or of iron and stone 

To make the roofs, rain leaders, gutters, and skylight framing 
as durable as possible, it was decided to use copper for these 
purposes. 

The plumbing, heating, and ventilating apparatus, and electric 
wiring were to be of the very best known in these branches, and 
plate glass was to be used for all windows. All other appoint 
ments were to be of the grade used in the best office-building 
construction. 

The decision to build along these lines and use materials of 
the grades noted meant the setting of a financial pace that would 
be difficult to follow. While it showed simply a determination 
on the part of the trustees to live up to the often preached but 
too seldom practised maxim “The best is always the cheapest 
in the end,” it enlarged the financial problem in a way that was 
well-nigh appalling, for the money needed must either be secured 
by gift or borrowed on bond and mortgage. 

That the courage of the men who administered this trust—for 
it was real courage was not misplaced is evidenced by the fact 
that four out of the six buildings already erected have been 
provided through the munificence of men and women who 
believe in giving a university the best buildings the art of the 
times affords. 

It is the privilege of one who is perhaps better qualified than 
any other, through a knowledge of the facts, to state here, in 
this connection, that each of these structures was built absolutely 
without restriction from the donor as to shape, style, texture, or 
even cost, within broad limits. 

The commissions simply read, “ Make the best building possi- 
ble for the purpose intended ” 
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These broad-minded benefactors gave their confidence with 
their money, and their confidence has been met with a spirit on 
the part of those to whom it was given that would not knowingly 
waste one penny of the money. 

New York has not yet satisfied in full the demands made on 
it by its old university, but it will, and that right handsomely. 


Drainage. 


The first work necessary after the preparation of the prelimi- 
nary plans—what may be called the reconnaissance, the estab- 
lishment of grades and levels—was the laying out of a compre- 
hensive system of drainage, 

This was entrusted to Messrs. Waring, Chapman & Farquhar, 
a firm of civil engineers with ample experience along this line, 
and the result of their labors is shown in the plan exhibited in 
Fig. 239. 

The sewers in the adjoining streets had not been built, and 
the codperation of the Department of Public Works was sought 
and ob‘ained, with the result that the city permitted the uni- 
versity to construct these sewers in connection with its own 
work, subject to the approval of the municipal authorities. 

The city government also agreed to the establishment of 
street levels on the north and south sides of the plot on lines 
that would harmonize with the university plan. This was a 
most important concession, as the grades ran in opposite direc- 
tions on each of these streets, and the effect of the beautiful 
entrance court on One Hundred and Sixteenth Street would 
have been marred by an abrupt grade at this point. 

The main sewers are of the regulation oval section of hard 
brick laid in Portland cement mortar. Branch lines and con- 
nections are of heavy vitrified pipe. It will be noted on the 
plan that the flow is divided north and south from a centre line 
running through the library building. ‘Ihe undeveloped part of 
the plateau, together with the old buildings, which are serving 
temporary purposes, had to be taken care of; and in order to 
make them fit the plan it was necessary to reverse the drainage 
from them and send it into the new system, and a very tedious 
and expensive operation it proved, too. 

The north and south trunk lines from the interior court had 
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The Power Plant. 


After the general layout had been determined, the question of 
levels demanded most careful consideration. There was involved 
in this question not only the drainage system and the probable 
cost of rock excavation on a great scale, but the important point 
of articulation for the supply of heat, light, water, power, ete., 
to the various buildings and for the transfer of freight to and 
from the library and the scientific departments. 

The location and extent of the power plant had been from the 
first kept well to the fore by the writer, who, it will be readily 
understood, desired that the engineering of the enterprise should 
at least be in keeping with the architecture. 

In all educational institutions there is the constant tempta- 
tion to kill two birds with one stone by making the power plant 
illustrate the various phases of machine design. When you try 
this you generally miss both birds, and produce a menagerie of 
misfits. 

Whatever value a power plant may have as an educational 
exhibit must depend solely on how well it serves the purpose 
for which it was designed. 

Combination tools are usually found in the hands of amateur 
mechanics. 

Realizing that a power house would be at the best a disturb- 
ing element in the midst of academic repose, I proposed to build 
it down on the bank of the Hudson River, 1,500 feet west in an 
air line, sinking a shaft from the centre of the university site 
and connecting from this a tunnel that would run under the 
Riverside Park and the New York Central tracks to the power 
house built out over the water on piers. Through the tunnel 
and shaft were to run pipes and cables for the supply of steam 
and electricity, and a light railway and elevator to carry freight. 

The apparent exhibition of force at the university would then 
have been a bank of valves and a switchboard in the basement 
of the central building. 

This scheme, which would have made possible the transfer of 
coal directly from the boats to bins over the boilers, and the use 
of condensing engines, received the sanction of the trustees and 
the consent of the city and the railroad authorities. 

It was blocked by legislation introduced at Albany by an 
organization of adjacent property owners, who, while they had 
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in view the preservation of the water front of the park, could 
not understand that a constant stream of coal and ash carts up 
the hill, with a smokestack on the top of it, would be far more 
unsightly than a solid, handsome structure with a low stack for 
forced draft, under the hill) These men, no doubt, meant well, 
but the immediate foreground of the view from Grant’s Tomb is 
at this moment filled by a great ungainly, unlovely, garbage 
dump that the city had to establish at this point, and another is 
projected almost within sight to the south of it. We had per- 
force to retreat within ourselves and cut a great cavern in the 
rock to hold our boilers and engines, and mask our chimneys in 
the building overhead. Fortunately this is of sufficient bulk to 
hide a multitude of sins. 

In place of a power house, the site selected was used for the 
erection of a fine boat house for the university crews, and we 
proceeded with the plan for a power house in the centre of the 
site. 

In order to determine at this stage of the proceedings the 
amount of space that would be required for boilers and ma- 
chinery to operate the entire group of buildings, the writer had 
to draw on his imagination to a very considerable extent, take 
all he could get, and let it go at that. 

It seemed to the writer that what might be called the “ archi- 
tectural” part of the problem in hand was relatively more im- 
portant than that which related to the types and sizes of boilers 
and machinery, for the reason that bricks and mortar, in the 
shape of buildings, coal vaults, tunnels, flues, ete., would prob- 
ably remain indefinitely as fixtures, while the plant was liable 
to change from time to time as parts of it wore out or were re- 
placed by more efficient units, as the state of the art advanced. 

The first consideration, then, was to secure the best physical 
conditions obtainable in the allotment and disposition of space 
in the power house and its accessories, having in mind the fact 
that these dispositions, once made, would become fixed, and a 
mistake or misconception along this line would remain a con- 
stant source of embarrassment, not only to ourselves but to 
those who would come after us. 

As the power plant had to be in the same building with the 
gymnasium, baths, dining hall, and theatre, and had to hold 
its own in a campaign of planning and counterplanning which 
kept the building on the drawing boards of the architects for a 
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year and a half, the final issue from the conflict with a room 165 
by 100 feet, 33 feet high in the clear, was not bad. 

In the meantime the plans for the educational buildings had 
been carried to completion, contracts were let, and the buildings 
put under construction. 

Mr. Alfred R. Wolff had been retained to prepare plans and 
specifications for the heating and ventilating apparatus, and Mr. 
C. O. Mailloux to do similar service in electrical wiring. These 
gentlemen were requested to do the best they knew how, in 
their respective lines, without restriction, and that they rose to 
the occasion has been demonstrated by the outcome of their 
endeavors. 

It was agreed that a steam pressure of 110 pounds should be 
maintained throughout the distributing mains to the point 
where it met the reducing valves of the several heating systems, 
this pressure being taken as the limit for the single-expansion 
engines which were to be used in the generating plant. 

The ventilation throughout was to be on the plenum system, 
the blowers overbalancing the exhausters with that end in view. 
The heating was to be on what is known as the direct-indirect 
system, and electric motors were to be used for all power pur- 
poses excepting for drip and return pumps, which were to 
exhaust directly into the heating stacks, and for the temperature- 
regulating system which used compressed air in common with 
the book and message despatch system for the library building, 
the exhaust steam from the power house to be used for heating 
the two large buildings on the major axis. 

Direct current on the two-wire system was to be used for 
both power and light, with an initial potential of 120 volts. 

The water distribution was to be on the same lines as that in 
use at the medical school, with an additional unit for fire pro- 
tection. 

When we began to get down to facts, as the buildings devel- 
oped, it became apparent that the entire group would, when 
completed, require at least 4,000 nominal boiler horse-power and 
1,500 electrical horse-power for their operation on a normal 
basis, requiring a coal consumption of 15,000 tons per annum. 

* The service furnished by the power house covered a period of 
eight months, when the university is in full operation, and a 
period of four months of vacation, when only the library build- 
ing is in use, and the demand for light and power would be 
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reduced to a minimum. The varying conditions of weather, as 
well as the intermittent use of the buildings during term time 
on Saturdays and holidays, called for a wide range in boiler 
power and engine units, in order to attain economical operation. 

To the end that there need be no necessity for subsequent 
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cutting or alteration of the building, the writer decided to lay 
down the complete plant in detail, using the best types of 
standard commercial apparatus, to build the emplacements for 
the entire plant, and putin at once so much of it as would be 
needed to operate the seven buildings then in course of erection 
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and the two old buildings which were to be made use of, 
amounting in all to about one-half of the ultimate service. 

The plan in lig. 241 shows, in outline, the power house, with 
the coal vaults and the distributing tunnels. 

Figs. 242 and 243 show a foundation plan of the power house, 
showing flues, air and ash ducts, ete., and this is followed by 
sections taken north and south and east and west, through the 
power house (Figs. 244 and 245). 

The upper tunnel leads south from the floor above the power 
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house to the library. Those on the lower level lead east and 
west to the vaults on the level with the basements of the outer 
line of buildings, and open into a gallery that runs entirely 
around the room 19 feet above the floor, and opening out on to 
the transverse roadway, which runs through University Hall 
and separates the power house from the gymnasium. 

As the tunnels had to be built in filled ground, it was neces- 
sary to allow the filling as much time as possible to settle, then 
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the tunnels in the open and fill in again as quickly as possible, 
to allow a final settlement before putting down the court pave- 
ments overhead. 

A section of the tunnels showing the pipe and cable carriers 
is shown in Fig. 246. 

The coal vaults, of which a section is given in Fig. 247, have a 
capacity of 4,000 tons, sufficient to supply the boilers during the 
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ten weeks of severe winter weather, when the river is practically 
closed to navigation. Coal is dumped down through holes that 
occur at regular intervals along the driveway. No trimming is 
necessary, and it is served to the boilers as required on a system 
of Hunt tracks, that are given a slight down grade all the way to 
the boiler room. 

Water and gas mains are run in from the street on either side, 
and are hung up in the upper corners of the vault, where they 
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are always open to inspection as the flow of coal leaves the 
corners unoccupied, 

Reference to plans and sections of the power house will show 
that the boilers, which have the maximum length of tube used 
in this type, are in two rows facing each other, with just sufficient 
room in the alley to draw a tube and clear the gauge glasses in 
the opposite row. North of the boilers and in the same com- 
partment with them stand all the pumps in a row, and in the 
alley north of the boiler room, which connects the coal vaults 
together, stand all the tanks, filters, feed heaters, ete., each of 
these units being as close as possible to the pump with which it 
does business. These tanks were all fattened, flattened, or 
attenuated, as the case might be, to make them line up and give 
gangway for the coal ears. 

The engine compartment is separated from the boiler room 
by a glass and iron screen which only runs up to the level of the 
gallery, making the entire room open overhead. 

The five generating engines stand on a common foundation, 
which is simply a mass of rock and concrete of 1,000 tons 
weight, separated from the foundations of the building on the 
south and east by a smoke flue 10 feet deep, on the north side 
by the passage which leads to the base of the east chimney for 
the removal of flue ashes, and on the west by the cross tunnel 
which connects the ash tunnels with each other and with the 
elevator. 

A 25-ton travelling crane runs north and south directly over 
the flywheels of the large engines, and the areaways opening 
out of the engine room and boiler room are of such a width that 
no difficulty is experienced in taking in or out any part of the 
plant. The entire framework of the windows, which are 12 feet 
wide and extend the full height of the room, may be removed 
for this purpose, as it is of iron, bolted together in sections. 
Part of the area in the engine-room side is covered at a height 
of 10 feet with a skylight, and forms the engineers’ toilet and 
locker room. It contains toilet accommodations, shower baths, 
and lockers for the employees. 

The boiler room is paved with brick all around the boilers, 
and with tiles around the pumps. The engine room is paved 
with the same buff-colored tiles, which are sufficiently strong 
and thick to permit the dropping of a wrench or hammer with- 
out cracking. Trench covers are of thick slabs of slate, with 
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hook holes in each end for lifting. The walls are of Keene 
cement painted and enamelled, and there is a wainscot around 
the entire room on the main floor, and again on the gallery level, 
6 feet 6 inches in height, of white enamelled brick, all corners be- 
ing rounded. The wheel pits are lined with enamelled brick, and 
the boiler settings are faced all around with moulded enamelled 
brick to their full height and capped with dressed blue-stone. 
The gallery has a steel framing and floor plates filled in with ash 
concrete, which is covered with a wearing surface of marble 
terrazzo. 

The stairways have slate treads, and the railings of both stair- 

jays and galleries are of copper with a bronze hand rail. 

The steel columns which support the cross walls and floors of 
the building overhead are encased in sheet-steel shells filled in 
with loose asbestos, to comply with the New York building law, 
although the only wood in the room is in the doors. 

To those to whom the treatment of wall and floor surfaces 
may perhaps seem extravagant, we would say that the object in 
view was not to strain after ornamental effect, but simply to 
secure cleanliness and light, just as one would seek these ends 
in the kitchen of a modern residence or club. It is not so much 
a question of manners as of morals. 


Boil TS. 


There are in all 17 Babcock & Wilcox all-wroughi-steel boil- 
ers, having a total grate area of 825 square feet and a total 
heating surface of 37,000 square feet, built for a working pressure 
of 150 pounds to the inch; at the present time 110 pounds is 
the working pressure. All exposed parts of the steam drums 
are clothed with magnesia covering, to keep down radiation. 

Coal is brought from the vaults in charging cars which pass 
over a track seale to give the tally, and line up within easy firing 
distance of the furnace doors. McClave shaking grates are used, 
and the ashes fall into hoppers underneath. 

Having in mind the tendency of these hoppers to warp from 
the heat given off by the masses of hot ashes, and the radiation 
from the grates overhead, as well as the rusting effect from the 
water column blow-offs and the ash-pit sprays, they are made of 
4-inch steel plates riveted to angle-iron corners and lined 
throughout with firebrick laid in Portland cement mortar. Visor 
valves at the bottom of the hoppers dump the ashes into ash 
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cars, Which are then run around to the engine-room elevator and 
lifted up to the level of the ash chute, which in turn empties the 
ashes into carts that pass through the driveway. The bodies of 
the ash cars are made to raise, tilt, and discharge over the truck 
wheels into the chute by the turning of a hand wheel at the side 
of the truck. As the ashes are thoroughly wet down when the 
fires are cleaned there is no dust, and one man attends to the 
whole operation of getting out ashes. 

A yearly contract is made with a concern that agrees to cart 
the ashes away without cost to the university, and sells them to 
building contractors for the making of light concrete. 

Sweepings and rubbish from the buildings and grounds are 
brought down in bags and burned under the boilers. As the 
varting away of ashes is at best a mussy performance, it is 
required to be done by eight o’clock in the morning, before the 
college day begins. 

As the people of New York are restrained, not only by their 
desire to be free from the smoke nuisance but by the regulations 
of the Board of Health, from using soft coal, they are limited to 
the use of small sizes of anthracite for steam fuel. It is our 
belief that as long as the price of the best grades of this coal 
keep within reasonable bounds, the greatest economy lies in the 
use of the most expensive grades ; but if through a combination 
of dealers, or a growing scarcity in these grades, the price is 
forced up, we have prepared ourselves to handle the lowest and 
most refractory grades of coal that come to market, by installing 
a system of forced draft, that stands ready to help along com- 
bustion whenever needed. 

The air chambers run along between the smoke flues and ash 
tunnels, and are divided from the smoke flues by as thin a wall 
as practicable, to the end that the incoming air may borrow as 
much heat as possible from the outgoing gases. 

A direct-driven Sturtevant blower is set in one end of the air 
tunnels, and the air is admitted through gates opening directly 
into the top of the ash hoppers under the centre of the bridge 
wall. 

The gases of combustion escape down back of the rear headers, 
which are protected from them by a removable sheet-iron screen, 
through dampers set in holes in the roof of the flue. The smoke 
flues are 10 feet in height by 6 feet in width, arched and cross- 
arched with an air space between to avoid overheating the floor 
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of the engine and boiler room under which they pass on the 
way to the chimneys. 

The chimneys are of steel plate varying in thickness from ,', 
inch at the bottom to ,‘, inch at the top. Each chimney is 
anchored at the bottom to a rigid framework of 15-inch steel 
beams, which is built into the shaft enclosing the chimney at the 
level where the tep of the flue opens into it. As we had to fol- 
low the piers of the proscenium arch of the theatre up through 
the building, and were thus limited in width, it was necessary to 
flatten the chimneys after the manner common in steamship 
practice, to get sufficient area. 

They measure 6 feet one way and 8 feet the other, and have a 
height of 135 feet above the grates. 

A lining of thin cast-iron plates for the first 25 feet in height 
protects the chimney shell at the uptake. 

Curb rings are built into the shaft at the level of the first 
floor of the building, and again at the attic floor with six ball- 
pointed set-screws which barely touch stiffening bands on the 
chimney to steady it, and allow it free movement up and down 
for expansion and contraction. 

The reason for using such heavy plate in the chimneys was to 
insure long life against corrosion. 

It will be noticed that while the chimneys have an area of 40 
square feet, the smoke flues, which are tapered by giving the 
floor of the flue a pitch toward the stack, have an area at their 
greatest section of 60 square feet. This excess of area was given 
to allow for the deposit of flue ashes on the floor of the flue, 
and for drifts of ashes which were liable to form at the turns. 
As a matter of fact, during the first season’s run a drift 3 feet in 
height formed, and had thus cut down the area at that point to 
+2 feet. 

There is a large pipe chase built clear to the roof next each 
chimney shaft; that on the east side being for the free-exhaust 
riser and its return drip, and that on the west side to contain 
the twin standpipes for the water system. The chases are of 
sufficient size to allow for lowering a man to make or unmake 
the flange joints in these lines. 

The feed-water and blow-off mains run through the ash tun- 
nels, and are visible and accessible throughout their length. 
The blow-off line and its connections are of heavy cast iron, and 
the feed line is of drawn brass. 
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During the winter season the boiler feed is served from the 
return and low-pressure drip tanks, and is sent through a hori- 
zontal Wainwright heater. 

When the weather is warm and the exhaust is being wasted, 
the boiler feed is taken from the swimming pool under the 
gymnasium directly through the feed heater. 

The pool contains 250,000 gallons of water that has been first 
run through two tandem filters to cleanse it, and then brought 
to a temperature of 70 degrees Fahr. ina heater. The feed losses 
during the winter season are made up from the same source. 

This scheme prevents the waste of either heat or water, and 
secures not only a constant change of water in the pool but 
clear water for the boilers. It works like a charm. 


engines and Generators. 


This part of the plant was divided into six units, as follows: 
One 24 by 48-inch, 600 horse-power, simple Corliss engine 
driving a 400-kilowatt generator at 90 revolutions per minute; 
two 20 by 42-inch 300 horse-power simple Corliss engines, driv- 
ing 200-kilowatt generators at 100 revolutions per minute ; 
two 11} by 16) by 12-inch cross-compound, high-speed en- 
gines, driving 75-kilowatt generators at 2060 revolutions per 
minute ; one 50 horse-power gas engine, driving a 30-kilowatt 
generator. All engines to be direct connected to their genera- 
tors. 

The larger engines were intended to bear the heat and burden 
of the day during term time from eight in the morning until 
seven at night, the high-speed cross-compounds to take care of 
the light loads in the early morning and after seven at night, and 
the gas engine was to be put in to furnish the comparatively 
small amount of current called for during the summer vacation, 
and allow for shutting down the boilers entirely for three months 
in the year. Our specification for this unit called for an engine 
that would tend to business like a steam engine, and it must 
neither lie down when pushed nor cough all day long. 

We will, no doubt, get one in time. 

As the writer is a firm believer in the proposition that 
standard commercial types, representing the average sense of 
all, are the best types to select from when you are buying, the 
only vagaries he indulged in when specifying the make-up of the 
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Corlisses was the insertion of one clause which called for an ex- 
tended bed-plate which should run around the flywheel, take 
hold of the field ring of the generator and grip the pillow block, 
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the idea being to make a unit of the whole machine and insure 
permanent alignment after the manner already common in high- 
speed practice. 

The other clause called for a flywheel that would stay put, no 
matter what the rest of the engine did, in case it should run 
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amuck, and it must run true even if it had to be turned in place. 

The way these modest requests were met by Mr. Edwin 
Reynolds, of E. P. Allis & Co. (to whom the writer here makes 
grateful acknowledgment), is shown in the following drawings 
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and photographs of the 300 horse-power units which were first 
installed (Figs. 248, 249 and 250). 

Each flywheel is 12 feet in diameter and weighs 15 tons; the 
body of the wheel was cast in one piece, with the hub parted to 
allow for shrinkage in the arms. After the rim had been faced 
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off on both sides, four layers of mild steel segmental plates havy- 
ing a total thickness of 5; inches were laid up on each side, 
with joints staggered, 2-inch holes drilled through and counter- 
sunk, and turned soft-steel pins driven through and riveted 
cold. When this operation was completed, the wheel was placed 
on the boring mill, the rim finished all over, and the hub bored to 
gauge. Shipment from Milwaukee was made on a flat car that 
had a slot eut in its floor, which allowed the rim of the wheel to 
come down within a foot of the ties as it rested on a rough oak 
gudgeon which took the place of the shaft and rested in turn on 
timbers laid along the floor of the ear. 

In the rooms directly over the engine room there will be at 
times as many as twenty-five hundred people. Due regard for 
this fact led us to put in an additional safeguard against the 
danger from a racing engine, in the form of automatic stop valves 
above the throttles of the engines, a precaution as necessary, in 
our opinion, as putting a safety valve on a boiler. 

It will be noticed that these engines are very “short in the 
barrel,” as a horseman would say; the armature of the generator 
butting up against the hub of the flywheel so close that there 
is barely room to put your hand between. This was done to 
secure compactness and rigidity, although there would seem 
to be small chance of springing, with a shaft 15 inches in diam- 
eter for an engine of this size. The complete unit weighs 65 
tons. 

The high-speed cross-compounds were built by Armington 
& Sims, who put in our first electric-light engine at Forty-ninth 
Street in 1886. 

These engines are set in the bight of the larger engines, with 
their throttles within reach of the throttles of the larger engines, 
so as to be handy when running in parallel. As the type is 
doubtless familiar to the members of the Society no description 
is necessary. 

At the solicitation of the writer, who makes no claim what- 
ever to proficiency in electrical matters, Prof. F. B. Crocker, past 
president of our sister society, the American Institute of Elec- 
trical Engineers, consented to write specifications for generators 
that would stall the engines before they could burn ou’ the 
armatures or cause a sputter at the commutator. As the bill of 
particulars is brief and to the point it will bear setting down 
here, and should be of interest. 
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Speerfication tor Dynamos for Columbia Unive rsity. 


The manufacturer shall furnish and install in the power 
house of Columbia University ready for service : 

Four (4) direct-current, compound-wound dynamos, to be 
directly connected to the shafts of the engines, outboard bearings 
and all foundations to be furnished by the engine contractor. 

Capacity. Two of these machines, which must be duplicates 
of each other in every respect, all parts being interchangeable, 
are to be directly connected to two Corliss engines. 

Each dynamo shall have the following capacity : 


The other two machines, which must also be exactly alike, 
with all parts interchangeable, are to be connected to high- 
speed compound engines, and shall have the following capacity 
for each : 


Revolutions per minute 


Regulation.—These machines shall be wound to overcom- 
pound from 118 volts at no load to 124 volts at full load, with 
a constant speed. This is intended to counteract a 2 per 
cent. decrease in speed of the engine and a 3 per cent. drop on 
the conductors at full load. This rise in voltage shall be 
approximately uniform—that is, not more than 3 volts nor less 
than 2 volts at half load, variations in speed being prevented or 
allowed for. 

There must be sufficient range in the series winding to allow 
the overcompounding effect to be varied from 3 per cent. to 7 
per cent. 

The shunt windings shall be excited from the bus bars, and 
must have sufficient range to enable the voltage to be regulated 
up to 130 volts or down to 110 volts at full load and normal 
speed. 
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Any or all of these machines must operate well in parallel, 
each taking its share of the load (within 10 per cent.) in pro- 
portion to its size. 

Efficiency —The commercial efticiency of these machines, 
when hot, shall not be less than the following : 


These figures are intended to secure a good efficiency at all 
loads of one-quarter or more, rather than a specially high effi- 
ciency at full load with the sacrifice of efficiency at fractional 
loads. 

Heating.—No part of the machines, after a continuous load of 
twelve hours at full speed, must be heated more than 40 deg. C. 
above the temperature of the surrounding air. After a con- 
tinuous run for six hours at full load, and a further run of two 
hours at full voltage and 25 per cent. excess over rated number 
of ampéres, no part of the machine must be heated more than 
50 degrees C. above the temperature of the surrounding air. 
These temperatures are to be measured by a thermometer and 
by increase of resistance in the case of the armature conductors 
and field magnet. When the latter method is used the heating 
limits specified above may be increased 15 per cent. 

Commutation.—A. continuous run at full load for twelve hours 
must not produce any appreciable sparking, or any cutting, 
pitting, rising, lowering, or unequal wearing on the surface of 
the commutators; the brushes must not show evidence of 
burning or cutting beyond ordinary wear, and the commutator 
shall receive no attention except lubricating and wiping dur- 
ing the test. 

A continuous run for two hours at 25 per cent. overload 
must not produce injurious sparking, cutting, or burning of the 
commutator or brushes. 


Brushes—Brushes must be so arranged that they can be 
tripped simultaneously when starting or stopping the engine. 

Insulation.—The insulation resistance between the armature 
and field conductors and the frame of the machine shall not be 
less than one megohm when measured separately. 

The insulation of the armature and field conductors shall be 
tested with a pressure of 1,000 volts (direct current). 
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Gauge for Armature Bore.—A plug gauge for the armature bore 
will be furnished by the engine contractor. 

The armature must be perfectly balanced and must not run 
out of true more than ,'; of an inch either axially or radially. 

Finish.—All castings to be filled and rubbed to a smooth 
finish. 

Evection.—To be done by the builder, who will furnish all 
labor, materials, and superintendence. 

Generators to be delivered ready for connection to feeders to 
switchboard. 

Delivery.—Generators must be in place not later than July 1, 
1897. 

Finally.—All materials and workmanship are to be guaranteed 
of the best, and will be subject in detail to the approval cf the 
superintendent of the university or his authorized represent- 
ative. 


After securing competitive bids from some of the principal 
concerns in the business, the contract was awarded to the lowest 
bidder, the Crocker-Wheeler Company. 

The greatest compliment I can pay the generators is simply 
to say that they are in tune with Mr. Reynolds’s engines. And 
that is no faint praise. 

A brief description of the method of preparing the engine 
foundations may be of interest. 

One of the most troublesome problems encountered in putting 
heavy machinery under a building that is devoted to uses entirely 
foreign to the generation of power is to get rid of the annoyance 
caused through the transmission of vibration by the bearing 
walls and piping. This becomes especially difficult where the 
foundation rests on bedrock, as in the present instance. 

The attention of the writer was called some years ago to a 
series of very interesting experiments made by the Japanese 
Government where plans were formulating for the buildings of 
the University of Tokio. The frequency of seismic disturb- 
ances in that region was a constant menace to the integrity of 
masonry structures, and the experiments showed that the vibra- 
tion was greatest on the surface of the ground, diminishing 
rapidly as lower levels were reached in pits dug for the purpose. 
The seismographs used for the purpose showed in addition that 
the vibrating waves followed horizontal lines around the earth’s 
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surface. In the light of the knowledge thus gained, the build- 
ing walls were kept clear of the surrounding ground by areas 
that extended all the way around, cut down to a level just above 
the line of footings. Comparatively severe earthquakes that 
have occurred since the buildings were erected have been 
searcely felt within the buildings, and have occasioned no 
damage whatever to the structures. 

A simple way of noting the direction of vibrations caused by 
the impact of a blow on a resisting surface is to have some one 
strike an anvil while you move your hand up and down over its 
surface. A blow on any part of the face of the anvil is plainly 
felt at any other part of the face, while the base gives out no ap- 
preciable response to the blow. 

It seemed to us, then, that the best way to avoid giving con- 
tinual annoyance to those who were to occupy the upper part 
of the building was to unite all the engine foundations on a 
single block of masonry, cut clear of the building foundations, 
that would be in effect an anvil block of sufficient mass to 
absorb the vibrations before they reached the level on which 
the building foundations stood. 

This was tried first when we built the medical school 
engine room, and it worked so well that it seemed worth repeat- 
ing in the larger scheme. An added difficulty was met here, how- 
ever, on account of having to take care of the row of columns 
that ran across the engine-room floor, and of having to carry 
the surface of the floor across the top of the smoke flue, which 
served as an insulating trench next the outside walls. 

For the columns, we borrowed a scheme that had been adopted 
at the Houston Street cable plant, cutting pits in the rock for 
the bases of the columns to rest in, then boxing in the bases to 
the floor level and filling up against this with concrete. 

In order to baffle the vibrations that might travel across the 
arches over the smoke flue, we laid up soft-pine planking on 
edge against the wall to the depth of the arching, and finished 
the floor up against it. While this lasts it forms a deadener, 
and when it rots it will leave an air space. 

To prepare the fouhdation block for the engines, the entire 
area was cleaned of all loose or rotten rock, the wheel-pits and 
exhaust trenches were laid up in brick to the working level, and 
the iron conduits set in place for the feeder mains from the 
generators to the switchboard. The whole area was then 
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brought up to the working level with Portland cement concrete, 
and the surface floated off. 

After the mass had hardened sufficiently to admit of drilling, 
the templates for the different engines were laid down and the 
holes for the anchor bolts marked out. The holes were cut with 
a steam rock drill, and were made an inch larger than the bolts 
they were to receive. Those for the larger engines were sent 
down 10 feet, and for the smaller engines 4 feet. 

The bolts, which had been roughed by the blacksmith all the 
way down the shank, were then dropped into the holes, and the 
engines were set up without any of the usual cramping and 
fidgeting caused by set anchor bolts, as the bolts were free to 
wabble about and accommodate themselves to the inevitable 
variations from template that occur in a rough bed-plate. After 
getting the engines to fair and true level by means of stake 
wedges the bolts were given a full nut, the holes grouted to the 
brim with Dyckerhoff cement, and the joints finally rusted. 
Those bolts are there to stay. 

When all the engines are running no vibration can be detected 
on the engine-room floor or in the walls of the building, but the 
framework of the gallery, we are sorry to say, seems to borrow 
a little tune from the pipes it carries, which is transmitted to the 
steel structure above the engine room. We are thinking about 
this all the time and hope to cure it. Suggestions would be 
welcomed. 


Piping. 


Simplicity, brevity, and elasticity are of the very essence of 
good practice in this line, and we believe that these ends should 
be sought before all others in laying down a plant. It is better 
to make the engines and boilers fit the piping than to go the 
other way about it. An unnecessary turn or length of pipe oc- 
casions a never-ceasing waste from friction and radiation. 

Considering the piping as just so much machinery, the next 
most important points to provide for would seem to be: 

1. To put it up so that it might adjust itself freely under the 
strains imposed by expansion and contraction. 

2. To consider the human element involved in its operation, 
by setting all valves where they can be easily and quickly 
handled without making undue calls on the heroism of the engine- 
room force in case of an emergency. 
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3. To put the piping together in the way you would any other 
machinery, with bolted joints that can be easily made and un- 
made without destroying or damaging either pipe or fittings. 

Finally, to treat exhaust steam, water, and compressed air with 
as much consideration as you would live steam, remembering 
that the same laws apply to them with perhaps greater force in 
that they may have less energy to overcome obstacles in the 
shape of tortuous pipe bends, crooked valve passages, or the 
strictures imposed by reduced areas. 

Our performance along these lines falls often short of our 
ideals, but we have at least had the satisfaction of trying to live 
up to an ideal. 

A 16-inch header, in the form of a flattened ring, runs around 
the outside of the boilers, and rests on roller bearings that are 
carried by the gallery. 

The boilers feed into the inside of the ring, and the engines 
and distributing lines connect directly to the outside of it, the 
connections to both engines and boilers being single, straight- 
away, long-turn bends. The angles at the turns of the header 
are formed of steel castings. 

A 14-inch exhaust main runs in a trench straight across the 
engine-room floor, parallel to the steam main overhead, and the 
cylinders of the engines fairly empty into it. It will be noted 
that there is nothing but the valve between the exhaust nozzle 
of the high-speed engines and the main. 

To allow for movement in the rigid connection which this 
forms between the engines an expansion joint is placed in the 
centre of the line, and a screw joint was made to the exhaust 
nozzle of the Corlisses on the end. As the total distance from 
the steam header to the exhaust main is only 25 feet, we come 
pretty near getting boiler pressure at the throttles and a mini- 
mum back pressure at the exhaust. 

The pumps and other auxiliaries are given the same chance, 
by running their steam cylinders along in a line over a branch 
exhaust main, that opens at right angles into the large main, at 
the point where this main branches to the feed heater and the 
heating system of the building. Just outside the engine, to the 
south, the main rises to the level of the library tunnel and con- 
tinues along it, full size, to the heating stacks of that building. 

There are separate systems for the high-pressure and low- 
pressure drips; the high-pressure being sent back directly to 
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the boilers, and the low-pressure returned through the return 
tank and feed heater with the regular feed. The high-pressure 
lines were to be dripped at every fitting on horizontal runs. 

Our specifications and drawings called for flanged connections 
on all pipe over 35-inch; for outside screw and yoke Chapman 
gate valves, of varying weights on all sizes over 38-inch; for 
long-turn elbows wherever possible; for nothing less than 
standard full-weight pipe, no matter what purpose it might be 
intended to serve; galvanized pipe and fittings for cold-water 
lines, drawn brass (iron-pipe sizes) for feed lines, and cast-iron 
for blow-off lines. A choice between Johns asbestos and 
Keasbey’s magnesia was allowed for pipe covering. 


Auxiliaries. 


Two 9 by 5} by 10-inch duplex pumps alternate in the service 
of the boiler feed. 

Two 8 and 12-inch by 10} by 10-inch compound duplexes con- 
trolled by pressure regulators take care of all the water supply, 
with the exception of the fountains in the south court, which 
are to be operated on a continuous cireuit by a 300-gallons-per- 
minute electric pump placed in the basement of the library 
building. A 6-inch Croton Tine was run across through the coal 
vaults, and connected on the one end to the city main in Amster- 
dam Avenue, and to the main in Broadway on the other end, 
both ends being kept open to prevent stagnation, and we are 
thus assured a constant supply in the event of either main being 
shut down. 

The water flows through the filters, under street pressure, into 
the suction tanks of the house pumps. , 

Next in line are two 14 and 20-inch by 10} by 10-inch elevator 
pumps, which operate three elevators in University Hall. 

The elevators in all the other buildings are electric, with the 
exception of the Otis experimental elevator in the engineering 
building. 

A 20 by 12 by 10-inch fire pump, figured to throw 1,000 gallons 
per minute, delivers directly into the house mains and risers of 
the inside buildings, these lines being made unusually large on 
this account. 


The suction tank for the fire pump is the swimming pool 
aforementioned. No danger of a water famine for the fire 
46 
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pumps. ‘To keep in practice, this pump is used for emptying 
the pool into the sewer every two weeks, when the pool is 
scrubbed. 

Compressed air is distributed to the buildings where it is 
needed from a Rand compound compressor, with steam cylin- 
ders 9 and 13 inches, a stroke of 13 inches, and air cylinders 12 
inches in diameter. 

A 9 by 12 by 10-inch wet vacuum pump runs all day long to 
serve the requirements in that line of the chemists and physi- 
cists in their lecture rooms and laboratories. 

To give an idea of what these side issues amount to, we need 
simply say that in Havemeyer Hall alone there are over 6,000 
outlets and connections for water, compressed air, gas, and 
vacuum. 

Electric Distribution. 

The switchboard is divided into three panels; the central 
panel carrying the generator switches, circuit breakers, and in- 
struments, one of the side panels carrying the “‘ power” connec- 
tions for the buildings, and the other the “light” connections. 

The whole board is 40 feet in length, and was designed by 
Mr. Mailloux, to cover the entire group of twenty buildings, 
without disturbing the bus bars and switches for the buildings 
first erected, as buildings are added from time to time. 

Although the generators ordinarily carry the light and power 
load together, the circuits are kept separate throughout, and, 
with the steady load furnished by the ventilator motors, the 
throwing on and off of elevator and shop motors does not inter- 
fere with the regulation to any appreciable extent. 

Whenever there is a tendency to jump big loads on and off 
the cireuit, as, for instance, in the electrical laboratory, and 
more recently the industrial chemistry and metallurgical labo- 
ratories, with their new-found delight, the electric furnace, we 
have put circuit breakers in the power lines, where they will 
localize the annoyances incident to short-circuiting to those 
who may be indulging in pyrotechnics. A local cireuit for 
alternating current is provided in the engineering building, 
operated by a transformer taking current from the power 
circuit, and when the use of electric furnaces becomes more 
extended we shall put in a transformer in Havemeyer to facili- 
tate work in this line. . 

The feeder mains terminate at local switchboards in the base- 
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ment of each of the buildings, which divide the circuits by floors, 
and panel boards in the hallway on each floor subdivide the 
service to the separate rooms. 

This method of distribution gives local control of the cireuit in 
so far as it is practicable and makes the operation of lines a com- 
paratively simple matter. 

Every switch or cut-out is lettered or numbered to correspond 
with a schedule or diagram posted beside each board. 

From the main switchboard to the branch boards the feeder- 
main cables are carried by segmental porcelain blocks, fitted into 
steel trellis frames which are hung under the power-house gallery 
or bolted to the side walls of the tunnels. Over 65 tons of copper 
were put into the mains for the buildings now in use. 

In addition to the wiring for light and power there are com- 
plete interconnecting systems for telephone, electric clock, and 
signal bells, and for the watchmen’s patrol record within the 
buildings. These wires are run in iron conduits like the light and 
power circuits, and connect in the tunnels to lead-covered cables. 

There is no reason why the electrical installation throughout 
should not last as long as the buildings, as it is made up in the 
most permanent and enduring manner, and the table (Fig. 251) 
gives a general idea of the ultimate electrical requirements of all 
the buildings at the new site. 

The appended schedule gives details of the electric feeders now 
in place. 


ScHEDULE OF ELECTRIC FEEDERS. 


Maximum Leneth in 


No. of Terminates at Probable Feet One Loss in | Size of Wire, 
Feeders, Building Load, Way Volts, Circular Mils, 
Amperes. 
LIGHTING FEEDERS. 
1,100 376 2.00 4,000,000 
2 .|Engineering. ..... ... 525 669 2.50 2.700,000 
eee Havemeyer .. ...... 566 544 2.50 2,500,000 
Fayerweather .... ... 244 409 2.50 800,000 
eee Schermerhorn ....... 404 291 2.50 900,000 
ree University Hall....... 126 125 1.50 211,600 
University Hall....... 422 125 1.10 1,000,000 
Power FEEDERS. 
eee Engineering. ......... 350 700 4.20 1,209,000 
Havemeyer. 855 570 5.00 1,906,000 
RE wicesen Fayerweather......... 351 416 5 00 600,000 
i: ee Schermerhorn ....... 640 298 5.00 800,000 


) 
eee University Hall....... 980 174 3.50 1,000,000 
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Performance. 


A log is kept, covering every day in the year, giving for each 
week the total hours’ run of each unit, and the output, together 
with averages and the consumption of coal, water, and supplies 
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and the cost of labor and repairs charged against the power 
house. 

Of course, aside from the desire to have a record of operations, 
the principal reason we have in keeping the log is that we may 
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know just how much money we are spending and what we are 
getting for it. 

A sample sheet from the log-book is shown (see table facing). 

To operate the plant as it stands to-day, during the winter 
months we employ the following force : 

A chief engineer, two assistant engineers, two oilers, one 
dynamo tender, three heating-service men, one electrician, one 
machinist, four firemen, two coal passers, and one helper. 

The heating-service men patrol the heating and ventilating 
plant in the different buildings at regular intervals day and 
night during cold weather; and considering the fact that there 
are in all, so far,22 motors and fans ranging from 10 to 50 horse- 
power each, 21 return pumps, and an aggregate of 80,000 square 
feet of heating coils and radiators scattered throughout the build- 
ings, it will be seen that they are kept pretty busy. The electrician 
attends to keeping all electric conduits and fixtures in order, and 
is allowed extra help as occasion demands. 

The power-house force stands two twelve-hour watches during 
the winter months, when steam is kept on day and night. 

During the season when light and power alone are required 
and the force is reduced, the day men report at 7 and leave at 6, 
and the night men report at 12.30 and leave at 11.30 when the 
library has closed for the night. By this arrangement the entire 
force is on duty during the afternoon when the load is heaviest. 

The cost of heating a building depends in great measure on 
the amount of ventilation furnished. In all well-ventilated build- 
ings the heat Josses are far greater from the outgoing current of 
vitiated air than by direct radiation from wall and window sur- 
faces, 

The loss from this source can be calculated exactly by measur- 
ing the difference in temperature between the incoming and out- 
going air and the volume of air moved. 

While this may properly be called a loss, it is in no sense a 
waste. The amount of pure air required by a human being 
under varying conditions is a matter of common knowledge, 
established on scientific authority, and he should no more be 
required to breathe impure air than to drink foul water. 

For the very reason that it is more difficult to detect a lack of 
ventilation than a lack of heat or light, this point should receive 
the closest attention. 

That it is often neglected, either deliberately, through the 
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practice of a false economy or through sheer ignorance on the 
part of those who design or those who operate public buildings, 
is evidenced by the fact that for one building you find inadequately 
heated you will find a score without any ventilation worthy the 
name. 

We estimate that when our ventilating system is in full opera- 
tion we use 50 percent. more fuel than whengwe are simply heating 
the buildings and allowing the heated air to escape by natural 
draught through the flues and doors. 

In no part of any building do we give less than six changes of 
air per hour, and in some lecture rooms and laboratories as many 
as twelve changes per hour. 

More current is used for driving the ventilation fans than is used 
for light, and the ventilating apparatus is run continuously during 
the time when the lecture rooms and laboratories are in use. 
When all the fans are running they will move 1,250,000 cubic feet 
of air through the buildings every minute. 

For all purposes, we burn at the present time about $13,000 
worth of fuel per annum, with a labor account chargeable to heat, 
light, and power of $10,000 per annum, or at the ratio of 1 to 1.3. 
Ultimately we expect to have to spend not less than $30,000 a year 
for fuel and to increase our labor account to $15,000 a year, 
which will then give a ratio of labor to fuel of 1 to 2. 

The complete power plant and its connections, exclusive of 
structural work or excavations, represents an investment of $200.- 
000, or at the rate of $50 per horse-power. That part of University 
Hall oceupied by the power house, including the coal vaults and 
tunnels, cost $350,000. 

The heating and ventilating equipment and the electric wiring 
of the entire group will foot up to $550,000. This makes a total 
of $1,100,000 for the complete engineering equipment, exclusive 
of drainage and plumbing. 

The buildings and grounds at the One Hundred and Sixteenth 
Street side of the university already completed stand on the 
books of the corporation at $6,500,000. The entire improvement 
is estimated to cost twelve millions, including the cost of the land. 

From the figures given above it will be noted that the engineering 
equipment represents about 10 per cent. of the total investment, 
which is not excessive, considering the important part it plays in 
conserving the convenience, health, and comfort of those who 
occupy the buildings. 
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When the group of buildings on Morningside Heights shall have 
been completed, Columbia University in the city of New York, 
including all its schools and colleges, will have a plant costing not 
far from seventeen millions of dollars, with ample facilities for the 
6,000 students and 600 teachers it will then be able to accommodate 
within its walls. 

These figures appear large in perspective, but they are simply 
based on the ratio of increase maintained by more than one of 
our American universities during the past decade. 

Of course the length of time it will take to realize this project 
will depend Jargely upon the character of the support given to the 
university by the citizens of New York and on the energy dis- 
played by all who are interested in its welfare. 

In conclusion, I desire to make acknowledgment first of all to 
President Low and the trustees of Columbia University, without 
whose countenance and support the development of the engineer- 
ing plant on broad lines would have been impossible ; 

To the architects, Messrs. McKim, Mead & White, who said 
that the best in the engineering line was none too good; 

To my co-laborers the consulting engineers, Mr. Wolff, Mr. 
Mailloux, and Messrs. Waring, Chapman & Farquhar, who gave 
the best that was in them, without regard to time or trouble ; 

To the contracting engineers, who waived all profit in many 
instances in order to help along what they were pleased to con- 
sider a good work ; 

To Professor Hutton, to whom I am indebted for valuable sug- 
gestions in the preparation of this paper ; 

And last, but by no means least, to Mr. F. A. Goetze, my able 
and conscientious assistant, whose resourcefulness in design and 
watchfulness in matters of construction I cannot praise too 
highly. 

In presenting this paper before the Society, the writer has felt 
some diffidence on account of not knowing to what extent the 
members might be interested in a development of the kind. 

He must rely on the well-known interest all engineers have 
for matters that concern education in its various phases, and on 
the indulgence of those whose grasp of the subjects dealt with 
may be based on a more extended knowledge and experience than 
his own. 
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DISCUSSION, 


Mr. Reginald Padham Bolton.—\ would like to take the op- 
portunity of personally thanking Mr. Darling for this very com- 
plete and full paper, which is very admirable in the details which 
it presents. It describes also a central power plant, and this is 
placed under very different conditions, as regards the surrounding 
buildings, from that described in the previous paper. In this 
case, I think there is no question but that the central power plant 
is the right one to adopt. Mr. Darling has made one remark in 
his paper on which he has also asked that the united wisdom of 
the Society be brought forth. On page 711 he mentions that he has 
some trouble with the vibrations of the pipes communicating to a 
portion of the building, and asks for suggestions on that subject. 
That has been a very troublesome subject in many of the tall 
buildings, and has been entirely gotten over by supporting the pipes 
from a different point. In this case the pipes are carried by the 
framework of the gallery, and it is not to be wondered at that it 
gets some of the vibrations. It may not be practicable to carry 
it from below. If so, IT am almost afraid that the only remedy 
is to destroy the gallery, or take the pipes and put them somewhere 
else. The question of the vibration of the engine foundations has 
been dealt with in detail by the author in an admirable manner 
and represents the very best practice, by forming a very large mass 
of foundation isolated from the surrounding buildings. 

In connection with the subject of fuels, which Mr. Darling has 
entered upon, I would say that so faras New York city is con- 
cerned I am heartily in favor of the use of anthracite coal. In 
the tall buildings anthracite is burned under ideal conditions, 
because we have an exceedingly strong draft without any cost, 
owing to the extreme length of the chimneys which are necessary 
to the buildings. On the other hand, even if that were not the 
case, I think that the interest of the whole city demands that we 
should) burn a fuel which is smokeless, and that the Board of 
Health is entirely in the right in demanding that we shall not 
burn soft coal in New York city and in continuing its present 
crusade, which is pretty active at the present time, against the 
users of soft coal who emit any smoke from their chimneys. 

Mr. Oberlin Smith raised a question of a remarkable fuel being 


used. Twas told of another in Philadelphia as I passed through 
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this week. During the late blizzard, in one of the hotels there 
which depended entirely upon its own plant, having no stand- 
by from any other concern, they were unable to keep up the supply 
of fuel, and when the coal ran short they burned mattresses 
valued at $8 apiece. 

Mr. William H. Bryan.—My. Darling tells us an interesting 
story, and, what is even better, tells it in a refreshingly interest- 
ing manner. There are a few questions, however, which I would 
like to ask. Why are two different steam pressures carried on 
the boiler plant of the medical college? Would it not have 
simplified matters to have carried high pressure on all the boilers, 
reducing it by a pressure regulator for heating ? 

I would like to know why the steam engines driving the 
dynamos at the new site were not all made compound—or com- 
pound condensing with cooling towers—particularly the large 
ones, Which are to be operated all day long. Would not this 
have been much more economical in the use of fuel, besides afford- 
ing an example of good modern practice / 

Another question is as to whether the 220-volt system of elec- 
trical distribution was considered. .A rough computation shows 
that it would have made a saving of fully $10,000 in copper. In 
addition, the pressure would have been more uniform throughout 
the system, and the higher voltage is better adapted for power 
service, Which in this plant is an important feature. Was it on 
account of the inefficiency of the present 220-volt incandescent 
lamp and the objections to the 220-volt are lamp? If the latter, 
two 110-volt lamps could have been operated in series with entire 
satisfaction. Another excellent plan would have been to have 
employed the three-wire 11(-volt system. 

Another question is as to elevators, which are all electric, 
except the three in University Hall, which are hydraulic. What 
special reason was there to justify the increased complication and 
expense of hydraulic elevators for this particular building ¢ 

Mr. Edward A. Darling.*—In reply to Mr. Bryan’s inquiries, 
first, as to why two steam pressures were used at the medical 
school, I would say that the five horizontal tubular boilers in the 
original plant were designed for an extreme working pressure 
of 60 pounds to the inch, and this was the pressure used 
for power purposes, as well as for heating. When the plant 
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was enlarged and the use of power for various purposes ex- 
tended, we decided to secure the economy which attends the use 
of high-pressure steam and use the old boilers at low pressure 
for heating purposes only. Undoubtedly it would simplify mat- 
ters to carry but one pressure in the boiler room and use pressure 
regulators when needed, and that is the practice we prefer, but in 
this case the laws which govern the resistance of materials and 
the regulations of the police department forbade our raising the 
pressure in the old boilers, and we were unwilling to forego the 
benefit to be derived from high pressure in the new boilers. 

2. The reason why the Corliss en ines at the new site were not 
compounded was that these engines are run mainly during the 
winter months, when every pound of exhaust steam is used for 
heating, in addition to the live steam which is used. Under such 
circumstances there would be no economy in compounding, but 
rather a waste in added friction. 

By the same token the cooling towers would work our un- 
doing. 

3. As to the system of wiring and the voltage used. At the 
time this installation was laid down the incandescent lamp in 
vogue required from 110 to 120 volts (at this writing it is still in 
vogue). As the incandescent lamp was the principal unit to look 
out for, and we were dealing with accomplished facts rather than 
future possibilities, the low voltage was adopted. In view of the 
comparatively short runs, and the added complication in detail 
which the three-wire system entails, it was thought best to stick 
to the simple two-wire system. 

We have had no occasion to change our views on this point up 
to date. If wedo we can raise the tension. 

4. As to elevators. Our reason for using hydraulic elevators in 
the University Hall was two-fold: first, as the elevators are 
practically in the same room with the boilers, it did not seem at 
the time reasonable to us to transmit a load through the genera- 
tors which could be put on the boilers at first hand, and, second, 
the ash hoisting is done in the early morning before the large 
generators are started. 

I have no hesitation in saying to Mr. Bryan that, all things con- 
sidered, in ordinary practice I prefer the electric elevator and 
advocate its use. 


Mr, O. C. Woolson.—I simply want to ask one question of Mr. 
Darling. I do not think the Society fully understands whether 
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his 10 per cent. was in favor of the hard coal or the soft coal, and 
I think it is a very important question. 

Mr. Darling.—The difference in economy is in favor of the 
soft coal. That is my finding—that you save 10 per cent. on the 
soft coal over the anthracite ; but I considered it better not to try 


to save it. 
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DCCCXVI.* 
ENPERIENCES WITH DEEP-WELL PUMP RODS. 


BY G. W. BISSELL, AMES, IOWA. 


(Member of the Society.) 


THE experiences herein described have been had in connection 
with the deep well which constitutes the principal water supply 
of the Iowa State College The well has a total depth of 2,215 
feet. Its diameter varies from 12 inches at the top to 5 inches at 
the bottom, as follows: 


From the surface to a depth of 120 feet, cased with 12-inch steam pipe 


“ 1.068 “ 8-inch 

“6 “ 1.480 63-inch casing 

“ “ 1.9385 58-inch 

“ “ “ “© 9 915 not cased, 5 inches in diameter 


The normal level of the water in the well is about 25 feet below 
the surface of the ground. The level is lowered rapidly by pump- 
ing to a definite depth, which is dependent upon the amount of 
water removed. As ordinarily run the pump removes about 8,000 
gallons per hour, and the level of the water is held at about 22 
feet below the surface. The cylinder containing the pistons is 
hung at a depth of 300 feet, being screwed to a 7-inch drop-pipe 
suspended to the well-head. The cylinder is 5? inches internal 
diameter, and of a length suitable for the movement of two pis- 
tons each of 24-inch stroke. These pistons are single acting, 
have conical double-seated metal valves, and are packed with 
four cup leathers each. Each piston is attached to a string of 
rods, that for the lower piston working within that for the upper. 

In addition to lifting the water to the surface these pistons de- 
liver the water into an elevated tank in which the maximum 
height of the water level is 150 feet above the surface. Thus 
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Fie, 254. 


When pumping 8,000 gallons per hour the pistons lift the water 
against a total head of 370 feet. In order to move the water 
without shock under these conditions it is desirable that the 
working strokes of the pistons not only alternate but overlap. 
This ean be secured by actuating each piston by a quick return 
motion, The pump at the Towa State College embodies this 
idea. It is known as the Johnson Continuous-Flow Pump, and 
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is the invention and design of Mr. E. E. Johnson, member of this 
Society. 

Fig 253 shows a plan and elevation of the Johnson pump. The 
quick return is accomplished by a combination of the Whitworth 
motion and the offset crank. The mechanism also results in 


| 
‘ 


having each string of rods and its connecting rod nearly in line 
during the upward or working stroke. Fig. 254 is a photograph of 
the pump and engine complete. The engine is steeple compound, 
8 and 16 by 8, 200 revolutions per minute, geared to drive the 
pump at 80 revolutions per minute. At 80 pounds steam pressure 
and 24 inches of vacuum the duty of this pump is between 40,000,- 
000 and 45,000,000 foot-pounds per 1,000 pounds of dry steam. 


Fie. 256. 


The inside string of rods originally furnished by the makers of 
the pump were 1} inches diameter in the body; the ends were 
upset for a 1}-inch bolt thread, and had square shoulders for 
wrenches. The couplings were extra heavy and tapped parallel 


so that the rods would come together. The outside string of rods 
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consists of 2-inch pipe, ends upset and connected by very heavy 


couplings. These rods are made up with pipe tools. i 
PROFILES. INSIDE RODS. OUTSIDE RODS. ‘i 
N Ss. E. Ww. iis CONDITION OF TWIST IN CONDITION OF 
5" NTS YUPLINGS WEAR COUPLINGS 
0 
Worn but not Not worn 
=D o threads 
Not worn 
N 
le Worn slightly Not worn 
Worn slightly Not worn 
st 
—K Nol worn 
Worn nearly to 
: —J threads,” Not worn 
1) 0 
Worn near 
140 ae 
= 
=| Worn to threads Not worn, 
160 | 
G Worn tothreads Not worn 
1335 
= | to 
a | Worn to threads Brightened 
180° 
Wo appreci- 
D | Worn to threads Appr 
} 4 
| Worn nearly to Worn consider- P 
| Worn nearly to Worn appreci 
—8 | threads ably 
wd 
—A | Worn to threads 
pper | 
5" 5 o 5 
Horizontal scale is magnified twenty four times ; 
Well casing is 12 inches to 120 feet below pump house floor and 10 inches rest of way EY 
Drop-pipe is 7 inches. a 
Fig. 257. i 
The pump was installed in the fall of 1897. On January 16, n 
IS9S, the inside rods parted. Examination showed that many of ' 
the inside rods were badly worn at the joints, and that one coup- x 
47 ’ 


4, 


730 EXPERIENCES WITH DEEP-WELL PUMP RODS. 


ling had been so far reduced as to have parted under the working 
strain. Fig. 255 shows the appearance of many of the couplings. 
Fig. 256 shows the wear on the square of the rod near the coupling. 
Some couplings on the outside rods also showed considerable wear. 
This fact was taken to indicate that the drop-pipe might be 
crooked, due to lack of straightness in itself or in the easing 
of the well. Accordingly the protiles, in two planes, of the 
centre line of the drop-pipe were determined by means of a wire 


+ 


Fic. 258, 


cage lowered by a steel wire into the drop-pipe from a fixed point 
vertically over the centre of the top of the drop-pipe. Deviations 
of the wire from this centre as the cage descended gave data for 
plotting the profiles. These are shown in Fig 257, together with a 
statement of the condition of both strings of rods at each joint 
thereof. “ Twist in Wear” refers to the relation of the wear on 
the opposite ends of the same rod. Certain coincidences in the 


Fig. 259. 


wear of the outside rods and the profiles of the drop-pipe led to 
the placing at the points 2B, Y, and F of brass winged guides, 
loose on the outside rods, and having broad shoes bearing loosely 
on the inside of the drop-pipe. Very little wear of the outside 
rod couplings or of the guides themselves has since been observed. 
But, as will appear later, the drop-pipe has been removed, and a 
chance thereby given to rectify or perhaps increase the crooked- 


ness of the drop-pipe, provided the same was not due to crooked- 
ness of the casing of the well. 
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The first break and wear of the inside rods were repaired by 
putting in new couplings. At the same time new inside rods were 
ordered, but the old ones parted again before the new ones arrived. 
The second failure occurred February 26, 1898. The new rods 
were put in place soon after. They differed in design from the 
old ones in being made of extra heavy l-inch pipe with ends 
welded on and provided with couplings smaller than the body of 


260, 261. Fic. 262. 


therods. An end of one of the new rods is shown in Fic. 258. On 
May 10, 1898, the rods were removed to free one of the pistons 
of a knot of rope which had lodged therein, At this time serious 
wear was noticed in the inside rods, and its character was such 
as to lead to the conelusion that the wear was due to the rods not 
being in line at the joints. Simple tests confirmed this conclusion 
and the rods were very carefully straightened before replacing in 
the well, No further trouble on aceount of the rods was ex- 


Fic. 263. Fie. 264. Fig. 265. 


perienced until about the middle of Oetober, when removal of the 
rods was necessary and brought to light one case of serious wear, 
due to a crooked joint. Fig. 259 shows the end of one of the two rods 
which were joined at this place. The pipe forming the body of the 
rod had been worn through. Figs. 260, 261, and 262 show sections 
of same rod at distances of 12, 24, and 48 inches respectively from 
the joint, and Fig. 263 shows the coupling and a portion of the rod. 
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Figs. 264 and 265 show the accompanying wear on the inside of 
an outside rod. On Mareh 6, 1899, the rods were removed for 
inspection and found to be in good condition. 

An interesting experience with the drop-pipe may be recorded 
here. During the months of May, June, and July the number of 


| 


Fig. 266. 


hours of pumping required to keep up with the demand was 
noticed to increase day by day, the working level of the water 
rose gradually, and the water became highly charged with air. 
A tank measurement of the displacement of the pump showed 
an enormous slip. A leak in the drop-pipe was suspected. Ac- 
cordingly, early in August the rods were pulled. No defects of 
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rods or pistons were noted. A. test of the drop-pipe with its lower 
end plugged showed a considerable leakage. The casing was 
taken out, and at a depth of about 200 feet was found a hole 
worn by erosion of the water between a coupling and the pipe 
to which it was attached. Figs. 266 and _67 give a good idea of 


Fig. 267. 
the size and location of the hole. Evidently a small original 
defect in the thread of the pipe or coupling had been enlarged 
by erosion to the dimensions shown. At this point the pressure 
of the water was at least 150 pounds per square inch. The 
escape of the water into the space between the drop-pipe and 
the casing would account for the rise of the working level and the 
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aération of the water. No flaw of manufacture could be detected 
in the material of the pipe. 

The thanks of the writer are due to his colleague, Prof. A. 
Marston, for the profiles of the drop-pipe and for other assistance 
in the preparation of this paper. 


DISCUSSION, 


Prof. R. Mutton.—\t is perhaps because do not under- 
stand the exact mechanical detail of the Johnson pump that I 
rise to ask the hydraulic engineers of the Society their opinion 
upon a quick-return mechanism for actuating a pump rod in a 
deep well. The theory, T take it, is that since the pump is not 
lifting on the descending stroke, therefore the rod could de- 
scend more quickly and by the exertion of a less leverage than 
upon the working or up stroke. it would seem to me, however, 
that the volume displaced by the pump rods would force a con- 
siderable lifting of water even upon the idle stroke. [have been 
brought up to believe that there is a considerable waste of energy 
in unnecessarily accelerating the mass of water which is being 
pumped, and that water objects to this acceleration with a deter- 
mination which will put considerable strain upon long rods 
when it is attempted. May it not be the case that a considerable 
stretch upon the pump rod results when the quick-return motion 
occurs, and that this stretch, concurring with abrasive wear dur- 
ing the pushing stroke, lias helped the rapid wearing of the rod 
at points where this stretching was concentrated ¢ 

Mr. C. VW. Herr.—1 do not get up because | consider myself one 
of the hydraulic experts; but T think IT can throw some light on 
Professor Hutton’s query. IT have had something to do with one of 
the Johnson deep-well pumping stations at Riverside, near Chicago, 
and we found in that case very much the same wearing of the 
knuckle-joints in the inside rod that is spoken of here. It seemed 
to me, however, that it was largely due to the effort on the part 
of the contractors at that time to get the pumping machinery up to 
the required speed of thirty-seven revolutions per minute, and that 
the consequent high speed of the pump caused the rods to buckle ; 
that is, that there was a certain speed at which the effect of 
gravity would pull the rods down and keep them straight, and_ if 


vou reached a higher speed than that, then this buckling action 
took place on account of the effort of the machinery above to 
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push the plunger down. Now, since last October or November, at 
which time the higher speeds were run, the pumping machinery has 
been run at not over two-thirds of its rated capacity. Those pump 
rods have been taken out since and have been found in good cons 
dition, the knuckles not being worn at all. In regard to the other 
point raised by Professor Hutton, I think that possibly he misunder- 
stands Mr. Johnson’s purpose in using the quick-return motion. — It 
is to give a slow movement on the up stroke when the plungers are 
doing work, and a quick motion on the down stroke when the 
plunger is simply passing through the water. The idle plunger 
takes hold of the stream of water just before the working one lets 
go, and the consequence is, or is supposed to be, that the stream 
maintains a steady velocity. It is not the purpose of the quick 
return to accelerate that stream; it is to give the stream a steady 
motion by giving the working plunger itself a steady motion. 

Mr. Francis I. Boyer—About fifteen years ago | was brought 
in contact with quite a number of deep wells. We tried the 
method of using iron pipe for pumping rods. The wear on the 
casing or the tubing forming the well was such that within a 
short time the casing would be ~worn through and destroyed. 
In the paper that has just been read I recognize an action to 
which 1 should attribute materially the wearing of these metallic 
pumping rods. We have substituted and are using to-day a 
wooden rod, so made that the joints forming the connections are 
smaller than the body of the rod, and when it comes in contact 
With the walls of the pipe of the pump chamber it is wood 
against iron, and the result is that we have a destruction of wood 
Which we can get out of the well with very little expense, and 
put in another piece, with a carpenter’s work of one or two hours, 
and save our pump casings. When we were still working with 
the iron rods we put in what we termed at that time spiders or 
vuides made of composition, soft brass or metal, and let them wear 
up and down to keep the iron rods away from the casing. These 
cuides, however, would soon be destroyed; while with the wood, 
if the rod buckled or pushed over to one side, which it does 
either with iron or wood, little harm would be done. When you 
think for a moment, even if you have got a single-acting lift pump 


you are getting a double action by the displacement when the 
piston and rod descend and force the water up. With a single 
valve you get the water discharged on both strokes. The down 
stroke equals the displacement of the piston with its valve going 
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down. I do not think it is practical to use rods made of pipe, and 
that is the result of years of experience. 

The President.—lt is many years ago that I had my experience 
with deep-well pumping in the Biddy Moriarty oil well, which 1 
bored with my own hands and pumped through 1,700 feet. — 1 
used wooden rods altogether, and would not think of trying an 
iron rod. 

Prof. G. W. Bissell.*—The writer, in view of his own experi- 
ence, agrees with the idea that wooden rods are better than iron 
ones, but does not see how they could be applied to replace the 
outside rods in the college pump. Nor does it appear advisable 
to revert to the use of one plunger only; under the condi- 
tions the Johnson pump gives a continuous flow, and this is very 
desirable. 


* Author’s closure, under the Rules. 
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DCCCXVII.* 
PIPE FLANGES AND THEIR BOLTS, 


BY A. F. NAGLE, CHICAGO, ILL 


(Member of the Society.) 


THERE is probably no part of a steam plant which presents so 
untidy, so incongruous, an appearance as the exposed pipe flange 
joint. The engine itself is handsomely finished, and all its steam 
joints are steam-tight and covered in a substantial manner with 
non-conducting material and sheet steel. But we do not get 
away from this finished and polished machine before we are 
offended by the sight of rough, uncovered, and hot pipe flanges. 
Why is this unsightly practice continued? Why should not a 
simple little round pipe joint be made as steam-tight as any 
part of the engine ? 

The practical engineman will tell you that all these steam- 
pipe joints are liable to leak or blow out at any time, and hence 
he wants to have easy and quick access to them, which he would 
not have if they were covered. Here is a confession of a weak 
point in our steam-engineering practice which should not be 
allowed to go on forever. TI have given this subject considerable 
study of late years, and some of my conclusions I shall be glad 
to lay before this Society. 

It can scarcely be imagined that it is difficult to make a sin- 
ele flange joint steam-tight when undisturbed by an extraneous 
foree. The fact, however, is that in a modern large steam plant 
the elongations due to heat are irresistible, and provision must 
be made to take care of them. This is not always easy to do 
within the limited space at command, but it may be set down as 
a guiding principle that wherever possible it is better to let 
these expanding forces come upon torsional resistances rather 
than in the form of transverse stress upon the pipe and its 
flanges. Flexure produces a strain upon the bolted joint which 


* Presented at the Washington meeting (May, 1899) of the American Society of 
Mechanical Engineers, and forming pirt of Volume XX. of the Transactions. 
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it is not able to stand to any appreciable degree without open- 
ing up the joint, but torsion is easily resisted by a bolted joint 
to any degree even to the point of twisting the pipe to destruc- 
tion, should it not possess sufficient flexibility to give the 
required amount of angular motion. 

Let us now analyze the forces at work upon a flange joint, its 
bolts and gasket, for the standard high-pressure flanges (250 
pounds per square inch). 

The first problem that presents itself is the available power 
of bolts to make tight joints. In our Transactions, vol. xii., 
page 781, Mr. McBride favors us with a practical test of the lift- 
ing power of a common rough screw bolt. These experiments, 
together with the discussion which followed his paper, clearly 
indicate that only 10 per cent. of the theoretical power of a bolt 
may be taken as its effective or actual binding power. 

These experiments also show that 200 pounds may be taken 
as the maximum pull one man can exert for a moment in tight- 
ening up a nut. 

With these data before us I have constructed Table I., which 
gives the available power of different size bolts with various 
lengths of wrenches, and also what length of wrench would be 
required to obtain the safe limit of stress of metal in a bolt —say 
10,000 pounds per square inch. 

It will be seen by column 6 that about 10,000 pounds effective 
binding force is available with one man and the ordinary length 
of wrenches in use. 

Mr. McBride gives it about 7,500 pounds, but I have assumed 
longer wrenches than were used by him. 

It will be seen that a }-inch bolt should be strained to only 
3,020 pounds when its fibre stress amounts to 10,000 pounds per 
square inch. This is fully as much as it is safe to put on it, for 
a non-caleculable allowance must be made for the weakening 
effect of the sharp thread ending in a rough and eccentric man- 
ner to the body of the bolt, and its head and nut not having a 
full and fair bearing. These causes make the bolt much weaker 
than its calculated strength, and 7,000 pounds per square inch 
would probably be as great a stress as it is safe to put upon the 
bolt metal. 

Column 9 shows what length of wrench would be required, 
allowing 14 inches from end to centre of hand, and exerting 
a pull of 200 pounds, in order to strain the fibre in bolt to 
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10,000 pounds per square inch. Two hundred pounds is proba- 
bly more than men will pull on a wrench, still they can do it by 
bracing their feet. 

Having established a pressure obtainable by bolts let us now 
turn to Table II. and see what the result is when applied to 
flange joints. Columns 1, 2, 3, and 4 are self-explanatory, 
except to add that these dimensions are those given by the 
Chapman Valve Company, and all calculations following are 
based upon 250 pounds pressure per square inch. 

Column 5 gives the pressure per square inch upon the gasket 
and is found by subtracting from the power of the bolts, found 
in Table L, column 8, the steam pressure on the area of the pipe, 
and dividing the result by the net bearing area of the full flange. 

For example: A 6-inch pipe flange has 10 j-inch bolts whose 
combined pressure = 42,000 pounds. 

Pressure in 6-inch pipe at 250 pounds per square inch = 7,075 
pounds. 


Net total pressure on gasket = 42,000 — 7,075 = 34,925 
pounds. 
Net area of flange = 105 square inches. 
5 1 
Pressure on gasket per square inch = 34,925 + 105 = 336 
pounds. 


It will be observed that the pressure upon the gasket is 
small, going as low as 168 pounds per square inch on a 16-inch 
pipe, and the highest is 347 pounds per square inch on a 34-inch 
pipe. With 250 pounds steam pressure these pressures upon 
the gasket are small, and it is not surprising that when a slight 
transverse stress is produced by expanding pipes the joint is 
opened on one side and leaks begin. 

We uaturally turn to the need of a tongue and groove to 
redace the bearing area of the gasket. 

The groove also has the merit of protecting the gasket from 
misplacement, or being forced out in part by the pressure of the 
bolts; the gasket is also protected from being blown out if 
slightly relieved on one side. The disadvantage is that the 
gasket is not renewable without opening up the space between 
the pipes several inches, which is not always possible. But I 
am pleading for a system of piping and joints which will not 
blow out or need renewal. 

If we turn to column 6 we shall find the width of tongue used 
by the Chapman and Crane companies. One-half (4) inch is too 
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narrow for practical safe handling of gaskets. Column 7, how- 
ever, shows the effective pressure on these narrow gaskets. In 
the smaller sizes the pressure runs up to 2,500 pounds per 
square inch, and in the larger sizes it goes as low as 600 pounds 
per square inch. 

It would appear at once that some more nearly uniform pres- 
sure upon the gaskets would be desirable, and I have therefore 
assumed that 1 inch width for all sizes of pipes would be a very 
good standard to use. Still retaining the Chapman bolt table, 
columns 8, 9, and 10 will show the result of using this width of 
tongue. It will now be seen that the pressure per square inch 
of gasket varies but little from 1,000 pounds, although a few 
extreme cases go from 755 pounds to 1,360 pounds. 

We could use said bolt table, but change the width of tongues 
to one inch, and yet get very much better practical results than 
with existing proportions, but to get still better and more uni- 
form results as indicated in column 17 I have revised the num- 
ber and sizes of bolts slightly. Columns 11 and 12 give the 
Chapman bolt table, columns 13 and 14 the Crane, and 15 and 
16 the one I recommend. It will be observed that I have not 
created any new sizes, but have used in part from each of the 
above-mentioned tables. 

The Crane table evidently has aimed to make the number of 
bolts divisible by 4, so as to permit turning valves quartering 
after being drilled ; whether this is of sufficient practical impor- 
tance to offset the better holding of joints I am not prepared to 
say, but we see now what is desirable for bolts and gaskets, and 
we can come as near to its fulfillment as circumstances will ad- 
mit of. 

Up to and ineluding 9-inch pipe I have not changed the 
Chapman bolts, but for 10-inch and 12-inch I have adopted the 
Crane table, namely 12 and 16 bolts 1 inch in diameter respec- 
tively, instead of 15 and 18 seven-eighths ({) bolts, not simply 
because they give somewhat greater pressure on the gasket, but 
for reasons already pointed out, namely, that the {-inch bolt is 
below the safe minimum size bolt pointed out in Table I. 1 
will also add that my personal practice has banished the {-inch 
bolt from use on these sizes of pipes years ago, because I have 
found it would not stand the strain put upon it in practical use. 

On the 16-inch pipe the Crane 20-l-inch bolts give better 
results than the Chapman 18-1-inch, but I would recommend 
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this number and size be increased to 1} inch. On the 15-inch 
pipe, a rather odd size, I would also make 20-1!-inch bolts instead 
of 18-l-inch. In all sizes above 16-inch these two manufacturers 
agree, but [ recommend that the 22-inch pipe flange-bolts be in- 
creased from 1{ to 1} inch, the number (24) remaining the same. 

It is striking how much more uniform pressures upon the 
gaskets are produced by a standard width of tongue of one inch 
than by the present practice, and it seems to me that the adop- 
tion of such a standard would be very desirable. 

In column 9 are given the inside diameters of tongues if my 
recommendations were adopted. 

The tongues and grooves of the Crane Company are of pre- 
cisely the same diameters as those of the Chapman Company. 


| 


SECTIONON A-B | 


| | | 


SECTION ON 


j 
®, 


Cc 


Fic. 268. 


The projection of tongues in Chapman tables varies from ,, 
inch to jy inch; the depth of the grooves is not given. In the 
rane tables the projections of tongues vary only from 4; inch 
‘o | inch, and the depth of grooves is always ;'; inch less than 
ie tongues. 

[ would recommend for adoption in all cases a uniform tongue 
orojection of } inch and a depth of groove of ;', inch. 

One word about the thickness of flanges. When the tongue 

ul groove construction is used the flange becomes an over- 
anging beam and it should be made very strong. I would 

‘commend that in all cases the flange be thickened at the bolt 

ith a hub extending back as far as the hub of the flange. This 
+ a construction already in use by some manufacturers in some 
of their flanges. 
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In order to carry out more completely the writer’s idea of 
relieving flange joints of all transverse stress, or flexure, and 
substituting, so far as possible, torsional strains therefor, I have 
designed a pipe construction which admits of torsional move- 
ment to a large degree without straining either the material of 
the tube or the flange joint to any appreciable extent. It is 
shown in Fig. 268 and consists of what might be termed stave 
construction instead of solid pipe. These staves are steel rods 
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securely fastened to the flanges. Exterior to these staves are 
strong iron or steel enveloping rings. Interiorly is a thin, longi- 
tudinally corrugated copper tube also securely fastened to the 
end flanges. We now have a pipe which is strong in every 
direction but one, namely, that to resist torsion. With these 
flexible tubes put in in the proper manner all elongations of 
steam pipes should be easily taken care of and without straining 
any joint to a dangerous degree. See Fig. 269. 

I do not intend to patent this form of pipe, and hence it can 
be made by any one who chooses to do so. 
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_Flance BEARING COLUMN 5 
sli © ¢ ¢ ¢ 18 20 2 
| | 
it | | J 
TABLE I. 
| 
P= nttua Area of Pull of Bolt’ Length 
Bolt. |per Inch.|Wrench ferences, PU! of Screw. Thread. Sq.In, Wrench, 
Inches. Inches. Inches. | Pounds. Pounds. Inches. Pounds. Inches. ny 
| 10 | 10 53 106,000 10,600 . 302 3,020 4 
| 9 | 10 53. | 95,400 9,540 .420 4,200 54 
1 8 | 12 | 66 105,600 10,560 550 5,500 q 
1k 7 | 12 66 | 92,400 9,240 694 6,940 94 
1} 7 12 | 66 | 92,400 9,240 893 8,930 12 
1} 6 16 91 | 109,200 10,920 | 1.06 10,600 | 16 
14 6 16 91 109,200 10,920 1.30 13,000 | 18 
18 54 | 16 91 100,100 10,010 | 1.52 15,200 24 
i |; 8 | 18 103 103,000 10,300 | 1.75 17,500 30 
li 5 | 18 103 | 103,000 | 10,300 | 2.05 20,500 36 
2 4} | 18 105 | 92,700 | 9,270 | 2.30 | 23,000 | 42 
i | | 3 4 | 7 s | 9 


3. Length of wrench customarily used in shop practice. 

4. Application of hand taken at 14 inches from end of wrench. 

». Pull or force of raan taken at 200 pounds, or P= ( 

i. Effective Pull = 10 per cent. of last column 

- When meta! is strained to 10,000 pounds per square inch, bolt is strained, or will resist, as 
per this column. 

9. (Length of wrench—1}) x 3.1416  7'» 200. 
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DISCUSSION. 


Mr, F. A. Halsey.—The sketch, Fig. 270, shows a form of 
joint with which I became acquainted some years ago, and which 
Was so satisfactory under trying conditions that it deserves to be 
more widely known. It was invented by Captain Rapieff for use 
with the dynamite gun—that is, the gun commonly known as the 
Zalinski gun. The joint was applied to the gun itself, which is 
in sections, and throughout the pipe fittings. The receivers are 
sectional, with numerous connections, and positive tightness and 
reliability are essential. The firing reservoir, the gun, and the 


| 


Nagle 
Fie. 270. 


intermediate connections operate under a_ pressure of 1,000 
jounds per square inch, while the compressor, the storage reser- 
oir, and their connections operate under 2,000 pounds. 

The sketch shows a section of the joint. A groove of the sec- 

‘ion shown is turned in the face of each flange, a surplus or 
‘overflow ” space being provided at the left. In the space formed 

oy these grooves a strip of round soft rubber is inserted, the 

cross-sections of groove and rubber being so proportioned to each 
ther that when the joint is closed the rubber will occupy part of 
ie overflow space. The rubber used is not a continuous ring and 

s cut from a long strip with a scarf joint where the ends meet. 

It will be seen that the pressure coming down the joint drives 


ie rubber into the angle at the right, and that leakage is prac- 
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tically impossible. The grip of the bolts is not relied upon to 
retain the rubber by friction, as with the ordinary gasket. The 
joint is metal and metal, and the pipe sections may be gotten out 
to defined lengths—a feature which is occasionally useful. In the 
case of the gun, an additional feature of great value is that the 
tightening of the bolts does not, as with gaskets, tend to throw 
the sections out of line. 

As stated, this joint was used ina great number of cases, and [| 
was assured that failure with it was unknown—positive tightness 
being expected and obtained as a matter of course. 

Mr. Reginald Pelham Bolton.—While it is perfectly clear, as 
Mr. Nagle says, that some improvement is necessary in flange pipe 
joints, I do not think his paper altogether goes far enough. He 
has not given us a comparison, as he might have done, of the flanged 
joints which he has tabulated, with those joints which were laid 
down, I believe by this Society, some years ago, as a standard, 
and also those which were brought into existence by the Master 
Steamfitters’ Association, both of which are largely made use of. 
He would thus, I am sure, add to the value of the paper. It also 
appears to me that the difficulty under which we are laboring is 
this—that there is such a great variety of pressures that no uni- 
formity can be expected in the matter of joints. For instance, 
in steam work, it is only of recent years that a pressure of 200 
or 250 pounds has become common, and now it is necessary to 
design joints for that pressure; but our difficulties even with 
pressures as low as 120 pounds are very considerable. The paper 
is chiefly devoted to dealing with flanged joints in which a recess 
exists, and there is considerable difficulty always raised in the use 
of those, by steamfitters, on account of the difficulty of discon- 
necting them, and there is very much prejudice against their use 
on that account. It is a considerable difficulty, because that little 
tongue which has to be gotten out of the groove when you break 
a joint involves taking down a whole line of pipe to get down 
one piece. It seems to me that is so serious that something bet- 
ter than the tongue and groove is necessary for general use, if a 
standard is to be laid down for all pressures. Some such joint as 
has been described by the last speaker would probably meet the 
objection which I raised, but that of course is not in common 
practice. Mr. Nagle’s detail of a piece of torsional pipe may 
possibly be of considerable value in certain locations, but cer- 
tainly would be an expensive construction, and it appears to me 
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to be somewhat unnecessary, inasmuch as these torsional strains 
all arise from expansion, and if the expansion is properly cared for 
the torsional strain will practically be reduced to nothing. In long 
lines of pipe expansion-joints are commonly made use of, and the 
extensions sideways froma long line of pipe are taken off in such a 
manner as will allow of a known spring in the pipe itself, which, 
therefore, does not bring a great strain to bear on the flanges. I re- 
cently fitted up a line of main steam pipe 300 feet long in which the 
expansion was quite considerable, and we have not any expansion- 
joint in at all. There are five spring connections taken out of the 
top of the line for engines, the end of the line 200 feet away from 
the boilers, these simply being carried out beyond the engine and 
brought back again in a U shape and down to the engine. These 
joints have given no trouble whatever. 

Finally, I would like to note that, in those sizes of flanges and 
the number of bolts which Mr. Nagle recommends, it appears to 
me that he has not recommended sufficient strength. 1 have had 
experience, for instance, with a 12-inch steam pipe at 135 pounds 
pressure Where a flange of 20 inches in diameter with 1S—Z-inch 
bolts could not be kept tight, but as soon as those flanges were 
replaced by heavier ones having 18—1-inch bolts in there was no 
further trouble experienced. As the writer says, the question of 
the thickness of the flange has more to do with it than anything 
else. Most of the troubles I have found in flange-pipe work have 
arisen from the distortion of the flange due to securing the pipe 
into the flange, as is commonly done, screwing it in tight, or ex- 
panding it into place. Either will be very apt to throw the flange 
out of shape. It seems to me that proper practice would call for 
the flange to be turned up in a lathe after the pipe had been made 
‘ight into it. It is probable that what we shall arrive at in no 
sreat length of time will be a more general use of pipe formed 
with the flange in one piece, such as the cast-steel piping which is 
being successfully used in Providence and elsewhere. 

Mr, James Me Bride.—At a previous meeting of this Society I 
iad something to say on the pipe joint. I can only reiterate what 
| said then. I think the great difficulty with the commercial 
‘lange as we find it sold by dealers is that it is not heavy enough ; 
it has not got stock enough in it. As we say in Western woods 
phrase, it hasn’t “ got the backbone in it.” We have had a great 
deal of trouble with steam-pipe flanges and water-pipe flanges, 
principally with steam pipes. I eliminated, I might say, 90 per 
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cent. of all my trouble by making my flanges three times as heavy 
and putting plenty of bolts in them and making the bolts large. 
Make your flange of anything you are of a mind to, but make it 
strong; give it strength, so that all the strain you can put on the 
bolts will not distort it. I agree perfectly with the gentleman 
who spoke last, in regard to making a flange recessed. If any- 
body has ever had any experience in taking apart the joints in a 
yacuum pan where they are made perfectly rigid and there is no 
spring whatever, I think he will agree that the plain surface flange 
is the proper one, and there are lots of other places where short 
steam pipes are stiff and rigid and where it would be practically 
impossible to take them apart in the time in which repairs have 
got to be made. I think that a great deal of trouble can be elimi- 
nated by simply making the flanges very heavy, putting in plenty 
of bolts, and making the bolts large. 

Mr. Wm. Hent.—1 think that the fact that Mr. McBride has 
not had any trouble with his steam pipes has not been due entirely 
to his making his flanges good and strong, but also to the fact 
that he did some good designing on his pipe hanging beside; that 
is, he did not introduce these transverse strains, which will make 
any kind of a-flange leak. Ie has certainly remedied one of the 
great troubles of the steam-pipe business, which has been to make 
flanges too weak. But a fully equal trouble is imperfect design, 
by reason of which transverse stresses were brought into the pipe. 
I have had occasion to look into the steam-pipe question a good 
deal in the Jast two or three years, and I think it is the most dan- 
gerous and unsatisfactory portion of the whole steam plant. It is 
high time that our whole practice in steam piping was revolution- 
ized. I think one of the things to do is to get rid of the cast-iron 
flanges altogether and cast-iron short elbows and come to forged 
steel flanges and bent steel elbows. 

Mr. H. H. Suplee.—In this connection the whole discussion has 
turned toward a line which has been worked out very carefully in 
Germany by Professor Bach, and his paper recently presented be- 
fore the Society of German Engineers contains much valuable in- 
formation on this subject. He experimented with pipes and fittings 
and the connections for flange joints, using small contact rods 
touching the various portions of the fittings and provided with fine 
micrometers. By putting on a heavy pressure and then releasing 
it, the movement of these various rods showed the distortions whic! 
had taken place in the fittings. In nearly every case it was found 
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that there was a distortion produced by the pressure, which tended 
to throw the flanges out of truth, the strain passing beyond the 
elastic limit, so that flanges did not come back to the original 
position. The whole result showed that the pipe flanges and _fit- 
tings proportioned according to the old rules and formulas are too 
light for the pressures we are now using. 

Mr. J. Johnson, Jr.—A point which I think has not been 
brought out in this discussion, although deserving of the most 
careful consideration, is the effect of the width of the joint face 
proper upon the possibility of making a joint tight with a given 
number of bolts. 

It is necessary to remember that the surfaces in contact must 
be drawn together at a// points with a pressure at least equal to 
that of the fluid to be held, or else there is going to be a leak. 

With gaskets which are comparatively soft, even when made of 
metal, this is generally not difficult, as the pressure per unit of 
surface produced by any reasonable proportions of joint face and 
bolt strength will cause a flow which will close up all fine lines or 
grooves across the face of the joint; but when the joint is made 
metal to metal it is necessary to produce sufticient pressure to ob- 
literate all such fine, almost microscopic, imperfections in the 
joint faces by forcing them together with such a pressure as to 
cause the metal of the opposite face (in each case) to flow into 
them. 

The pressure per unit of area is simply the total pressure di- 
vided by the area in contact, and therefore it will require in any 
viven case more than five times the bolt pressure with a joint 
‘ace one inch wide to produce tightness under a given pressure as 
‘twill with a joint face three-sixteenths of an inch wide. 

To the speaker's knowledge joints are being made to-day on the 

the and boring mill without any subsequent grinding of any 

ind, and without any especial tooling or pains whatever, which 
are tight from the start, by simply having the joint face only 
‘bout. three-sixteenths of an inch wide, and making the flange 

lf, so that the bolt pressure comes on the joint and not at the 
outer edge of the flange. 

This latter is a very important point also, and one to which too 
‘(tle attention is paid. 

The enormously heavy flanges which several of the speakers 
nave advocated here to-night would not be necessary if the 


joint face was at the inside edge of, and raised above the surface 
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of the rest of, the flange, so that the flanges could not possibly 
come into contact except inside the line of bolt holes. Where 
this is not the case, but the face of the flange is flat clear across, 
the effect of setting up the bolts is to draw the outer edges of the 
flanges together by springing them, so that even if a joint is made 
at the outside edge leakage can take place through the bolt holes. 
The excessively heavy flanges which have been advocated here to- 
night are a partial remedy for this trouble, bat a much simpler 
and better one is to so design the joint that the surfaces in contact 
must be inside the circle of bolts, which is most simply accome- 
plished by having a raised strip like a chipping strip as wide as 
may be thought best at the inner edge of the flange on a// pipes ; 
then there are no unlike ends to match and no difficulty in get- 
ting out any piece of pipe required, without disturbing the rest of 
the line. When gaskets are to be used, the speaker ventures to 
think, with all due deference to’: Mr. Rockwood, that it is mueh 
better to have them small enough to go inside the circle of bolts 
altogether, as the difficulties of handling them in this way are not 
great, and it accomplishes the double purpose of keeping the joint 
narrow and keeping it within the circle of the bolts, so that leak- 
age through bolt holes ceases to be a factor. The writer saw the 
result of following the opposite course, that is, making the gasket 
the whole width of the flange, well illustrated not long ago, on a 
2-foot pipe carrying air under a pressure of about 4 pounds per 
square inch. 

The original joint was made with a hoop of wrought iron of 
small size (about quarter-inch) wrapped with cotton wicking 
soaked with red-lead. The pipe stood with this joint for many 
years, and leaks were never thought of. Finally it was taken 
down to be re-erected in another place, and to save the trouble of 
bothering with the red-lead and wicking, and, as it was supposed, 
to make an extra good job of it, thick gaskets of rubber com- 
position of the best quality, the full width of the flange, were 
ordered. They were put in, and nearly all the joints leaked. The 
number of bolts in each flange had finally to be doubled to make 
them tight. 

The explanation was simple 


the pipe was steel-riveted with 


angle-iron flanges. The old joints were tight because they were 
narrow and the pressure per unit of area was high, because tli 
joint was made entirely inside the bolt holes, and finally becaus: 
the flanges had plenty of room to spring under the pressure of tlic 
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bolts without coming into contact at the outer edge. In the new 
joint the pressure per unit of area was only a fraction of what it 
was before and by far the greater part of it was at the outer edge 
of the flanges, so that, while many of these were tight there, the 
bolt holes, being inside the joint, were free to leak, and did so. 

Prof. Forrest R. Jones.—Not long ago I had occasion to in- 
vestigate the forms of pipe fastenings commonly used for high 
pressures. 

Among these connections I found one which I believe is fairly 
modern and which the chief engineer of one of our largest trac- 
tion companies had adopted. It was a rolled-steel flange. The pipe 
was fitted accurately to the bore of the flange. The latter was 
heated so as to expand it, and then shrunk on the end of the pipe. 
The end of the pipe was then either rolled or peened over to fit 
the rounded corner of the bore of the flange. The end of the 
pipe was faced off flush with the flange, so that the one was 
counterbored and the other fitted into it, the packing lying in this 
counterbore. The object in doing this was to get the packing so 
placed that it would cover the joint between the pipe and the 
flange. He said that he had found that this particular form of 
joint had given perfect satisfaction throughout, while he had had 
a great deal of leaking with the old flat-faced joint, with packing 
between the faces. He had not, for his work, adopted at that 
time what he said he would if he had larger pipes and higher 
pressures to deal with ; that is, he would have threaded the end 
f the pipe for screwing it into the flange, and would have peened 
‘he ends over and faced them off as before. What I want to call 

articular attention to is this use of the gasket for covering the 

ts between the flange and the pipe which fits into it, thus 
iding leakage between the flange and the pipe, as well as 

“tween the two flanges. 

Mr. Francis HT, Boyer.—lf this meeting could take the position 

the old class meeting, with yourself or the secretary as leader, 

| you should speak over to this one and say “ What is your ex- 
rience ? and to that one “ What is your experience ?” we might 

ve some grand things. We have got men here who have had a 

cat deal of experience with pipe flanges under very heavy pres- 
wes, and one of the best informed would be an ice-machine man, 

‘our friend George Richmond. I don’t know why they should 

t get up and tell what their experiences are. If he will not I 

| do the best I can for him. In handling work for the lique- 
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faction of gases we, for instance, have to meet hard conditions, 
and in my practice at home a week doesn’t go by that we don’t 
make flanged joints that we test under hydrostatic pressure of 
1,000 pounds to the square inch. We do not use any class of work 
for ammonia, either with litharge or Jead-soldered joints, without 
testing it to 1,000 pounds to the square inch, and we never have 
any trouble. We take and put a small recess tongue and groove 
between the flanges and insert a lead ring, common ordinary lead. 
Sometimes we have it made free of sulphur, called chemically pure 
lead. In making these flanges we invariably put in never less 
than four bolts. Sometimes bolts break; bolts come defective 
from the factory, and break without any apparent excessive strains. 
Now then we put in four bolts, so that if one bolt lets go we have 
got three more to hold. We follow that practice down to half- 
inch pipe. Where there is a charge of $4,000 or 85,000 worth of 
ammonia gas under a pressure of from 100 to 215 pounds to the 
square inch, it is a pretty bad matter if a joint should get loose ; 
if you do not get your men away you have got a big loss for a life 
to pay. For that reason we put in four bolts to secure in case of 
an accident. I have known cases where we have had pipe tested 
as high as 2,000 pounds to the square inch to rupture. When we 
came to test pipe with air in starting a refrigerating or ice-making 
machine, and we pumped the air too rapidly, the oil used to lubri- 
cate the cylinder walls of the gas compressor, coming in contact 
with the heat given off by the compressed air, finally reached the 
explosive point of the combination of air and oil, and a rupture of 
piping follows, with a terrific report, destroying joints and pipe 
work which had previously been tested to 1,000 pounds per square 
inch. Now, in reference to the expansion and contraction of pipes, 
I do not believe there is a joint made that can withstand it. | 
have seen in cases of that kind where it stripped the threads. The 
trouble comes in making this class of work, that, as a rule, they 
do not put in a sufficient amount of metal to make work of that 
character. Mr. McBride got it right; he makes his own patterns 
and sends them to the foundry, and has them made and brought 
back and puts in about four times the amount of metal which is 
used by manufacturers, and then you are on the safe side. Then 
get in bolts enough so that if you have an accident you have more 
bolts than are necessary to hold it. Iam speaking now of Irand- 
ling gases, and that is the way in which we handle them and di 
it successfully. 
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Mr. Mc Bride.—1 have tried both methods which have been re- 
ferred to, and I have done it very carefully. Neither gave any 
satisfaction, because on the lower part of the pipe, if it is a hori- 
zontal pipe, the condensed steam will lie in the recess and will 
finally destroy the joint, will cut out that narrow part of the joint 
which lies between the ends of the wrought-iron pipe, and then 
the joint begins to leak. The same thing occurs with the thread. 
I have tried those methods so thoroughly that I have given up 
attempting to make joints tight around the collar of the flange 
by those means. In the last pipes which I put in I adopted that 
section referred to by Mr. Kent. There is welded on to a steel 
pipe a steel flange, faced true. I think that is a finality in mak- 
ing a perfect joint. 

The President-—When we are putting in steam pipes 16 
to 20 inches in diameter, from 25 to 30 or more bolts in the flange 
are necessary to put the bolts close enough together to make the 
joints, and not only that—to make the bolts so strong that when a 
strong man puts a stress on the bolt he is neither going to strip the 
thread nor break the joint. We had more trouble recently in the 
war with Spain with leaky joints than with anything else on our 
ships, and we have come down to the welded flange. 

Mr. Kent.—The whole cost of the steam piping of a large flange 
is but a small portion of the total cost of the plant, and I think 
we should be willing to spend the cost of getting the steam pipes 
right. 

Mr. Reginald Pelham Bolton.—\ would like to call attention 
to a good joint (Fig. 271). The tube is extended through the 
flange and turned right over and flattened out and faced, and 
the joint is made on the end of the pipe itself, and that with a 
very strong flange makes a very good joint. I have not, how- 
ever, had personal experience with that. 

Mr. Bryan.—Y ou use no gasket ? 

Mr, Bolton.—With an iron pipe use a copper gasket; use it 
large enough and extend out beyond the joint so that it centers 
itself. One of the troubles which I have experienced in this class 
of piping has been with the workmen, who not only put that strain 
on the bolts which is due to the use of a long wrench, but I con- 
stantly find them using a hammer on the end of the spanner, and 
therefore they strain these bolts probably over what they are 
capable of standing. That Iam sure has been a cause of failure 
of some of the joints, for which I and others sorrow to-day. 
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Mr. Geo. 1. Rockwood.—In the Rockwood joint the pipe is in- 
truded into the flange a sufficient distance to allow the end of the 
pipe to be turned over against the flange while it is hot. Before 
flanging the pipe it is rolled into the recess A, Fig. 271, by an ex- 
pander. Now, unless that recess is cast with sharp corners, as at 
A, it is impossible to make the pipe seize hold of the flange by 
the expanding process. [t will spring away again and the flange 
will be loose on the pipe. Mr. Van Stone, superintendent of the 
Walworth Manufacturing Company in Boston, has made many of 
these flanged joints, and the sharp-edge feature was suggested 
and put into practice by him. I prefer to rivet the skirt of the 
flange to the pipe, as there can then be no question of the security 
of flange to pipe. 


Fie. 271. 


The chief advantage of this pipe joint is the fact that steam 
does not come in contact with the cast-iron flange, as the joint is 
made between the abutting ends of the pipe, and their edges may 
be caulked if necessary. 

Mr. Me Bride.—1 would like to ask the gentleman if the sketch 
shows copper or iron pipe 

Mr. Rockwood.—The pipe must be best charcoal-iron pipe or 
steel pipe. The ordinary commercial pipe will not stand the 
flanging process without splitting. There is, however, no dithi 
culty in getting a pipe which will stand it. Boiler flues are made 
of the right kind of stock. 

Mr. John T. Hawkins.—\ would like to add my endorsement 
to the remarks of one of the previous speakers to the effect that 


the proper thing for high steam-pressure piping, so far as flanges 
are concerned, is to have them made also of rolled steel. Possibly 
steel castings would be nearly as good. I think the day is com- 


ing when such a mechanical abortion as a steel steam pipe with 
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cast-iron flanges screwed upon it, the pipe being peened or rolled 
on the inside to prevent tearing the threads off by longitudinal 
stress, Will be abandoned. It has got to be now for stationary 
work that there is quite a distinct line drawn between what is 
known as low-pressure and high-pressure pipe, and in the latter 
case, if you merely specify that you are going to carry a high 
pressure of steam, and want homogeneous steel piping for the pur- 
pose, the contractors will generally put in their specifications “ extra 
heavy fittings,’ which you will find includes cast-iron flanges. 
Now, if we screw a cast-iron flange with six or eight bolt 
holes in it on a steel pipe and then rivet or peen or roll it over on 
the inside to prevent it being drawn off, we are bringing strains 
on the cast-iron flange that are not only unknown but unknow- 
able; for it is practically impossible to measure them. For my 
part [ have got to look at that sort of structure as a mechanical 
abortion, and hope to see the day when rolled-steel or cast-steel 
flanges will always accompany steel piping for high - pressure 
steam, unless, indeed, the flanges be formed direct upon the pipe, 
as [understand is now practised in Europe to some extent. 

Mr. Henry C. Meyer, Jr—Several gentlemen have referred to 
the excessive cost of the welded steel flange. I have been in- 
formed by the National Tube Works Company that the cost of 
piping with this type of flange is about 25 per cent. greater than 
With the flange screwed on the end of the pipe in sizes up to 8 
inches. From 8 to 16 inches the cost, 1 am told, is about 10 per 
cent. greater, while in sizes above that the cost is less. 

Mr. Me Bride.—1 can supplement that by saying that the cost 
of two lengths of S-inch pipe 16 feet 6 inches long each, with 
14-inch diameter flanges, delivered in Williamsburgh, from the 
National Tube Works, was $83. 

Mr. C. P. Higgins.—In regard to the incongruity of using cast- 
iron fittings on steel pipe, I think the uniform elasticity of the 
structure would be enhanced by making our fittings of forged 
wrought steel. And the problem is not as difficult as many might 


imagine. [have had some experience with wrought-steel fittings, 
and in the installation of hydraulic work, with pressures of 1,000 
to 5,000 pounds, I have found them very efficient indeed. I have 
equipped steam systems with them and never have been troubled 
With the failure of one of these fittings, that is, where they are 
properly made and properly applied. The process of making tees, 
elbows, and flanges is a very simple one, and one which I hope to 
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see come into general use, to make the fittings and pipe in keep- 
ing, so that we form a structure of wrought-iron or wrouglit-steel 
plate uniform throughout and able to withstand the strains that 
come from contraction and expansion and the movement of pipes, 
.Which we get in marine use; and in addition to that, we make 
our entire structure lighter, easier handled, easier retained in posi- 
tion, and in every way better and more fully in keeping with the 
best engineering practice. 

Mr, A, F. Nagle.—I lave but a few words to say, and that is 
that hundreds of devices have been made to make the joints 
between the flange and pipe. I think we are free from that 
trouble since the National Tube Works make a welded flange, | 
think, of above 5 or 6 inches in diameter. I do not think I shall 
ever use any more screw flanges above that size. In regard to 
the price, the National Tube people tell me that for five or six 
inches the price is about 25 per cent. more than for the ordinary 
joint, and for about 10 or 12 inches the price is about the same, 
and when it comes to 24 inches and upward the price is cheaper 
than the attached flange. With these facts before me I think 
engineers are through with trying to make joints between flanges 
and pipes. The other matter, I think, has been sufficiently dis- 
cussed in the paper, without discussing the matters as to tongues 
and grooves and size of bolts. 

Prof. Forrest R. Jones.—I would like to ask if any such trouble 
has come to this joint of Mr. Bolton’s as Mr. McBride has described, 
of corrosion by the water gathering in the groove formed at the 
end of the pipes. 

Mr. Bolton.—I think I already answered that by saying that | 
had not had experience with the joints, but I should imagine that 
that and all other joints made in the same way would suffer from 
that danger, although it might be a long time before it took effect, 

Mr. MeBride.—In my experience with that kind of joints I 
found that all the joint material was gone between the ends of 
the wrought-iron pipe on the lower side of the pipe where the 
condensed steam lay. 

Mr. A. F. Nagle.*—It is perhaps only fair to myself to say 
that it never occurred to me that this paper should cover the 
entire field of pipe flanges, as might be inferred from the scope 
this discussion has taken. Pipe flanges and their bolts must 


* Author's closure, under the Rules. 


PIPE FLANGES AND THEIR BOLTS. 757 


necessarily be proportioned to the pressures and uses they are 
subjected to, and no universal and single standard can ever be 
constructed. My purpose was simply to take the existing prac- 
tice of so-called high-pressure valve manufacturers and analyze the 
relation of pressures to bolt power. I have found that a gasket 
| inch wide, whether placed in a tongue and groove joint, or ina 
male and female joint, or in an absolutely plain-faced joint, will re- 
ceive about 1,000 pounds per square inch of pressure from the 
bolts now provided for all sizes of pipes; that the width of 
gasket should not vary with the size of pipe, as is commonly sup- 
posed it should, for that would result only in pinching the gaskets 
more or less, while a uniform width of 1 inch would produce 
nearly uniform pressure for all sizes. In order to effect this result 
the better I suggested a few changes in dimensions of both, as is 
pointed out in the paper. I did not even intend to give my 
approval to the existing dimensions as best suitable to 250-pound 
pressures. On the contrary, I am not satisfied with them, but I 
intended only to call attention to the fact that an inch-wide gasket, 
or a gasket of any uniform width for all sizes of pipes, would 
receive uniform pressure per square inch of area from bolts pro- 
portioned as given in my table. 
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STANDARDS FOR DIRECT-CONNECTED GENERATING 
SETS. 


BY J. B. STANWOOD, CINCINNATI, 0. 


(Member of the Society.) 


An important factor in America’s industrial progress has been 
the extended application of standards. There are standard dimen- 
sions for materials; standard sizes, parts, and capacities of ma- 
chines ; standard gauges for close measurements ; standard systems 
of inspection and testing, ete. 

These different forms or methods of standardization have usu- 
ally originated or developed in commercial and manufacturing 
activities, independent of any governmental instigation or control. 
They are universally recognized and employed wherever industry 
and commerce exist throughout our land. 

This principle, as carried out in our individual shops and factories, 
has developed the well-known “ interchangeable system” of con- 
struction, which, by forcing attention and care upon little things, 
has further specialized operations, and has stimulated the develop- 
ment of special machines to perform these operations, to the end 
that the cost of production has been greatly reduced. 

Such standardization inside and outside of the shops also aids 
rapidity of production, inasmuch as standard material can be kept 
in stock to form standard parts or to complete standard machines, 
apparatus, or goods, all before these are even ordered. 

These results—cheap production and prompt delivery—in con- 
nection with a high grade of product (to which these methods 
contribute) are most powerful factors for securing and maintaining 
foreign trade. Such influences are particularly active in America 
to-day. 

In the steam-engine industry these methods have been largely 
in use; but within the past few years they have been rendered 


* Presented at the Washington meeting (May, 1899) of the American Society of 
Mechanical Engineers, and forming part of Volume XX. of the Transactions. 
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partially inapplicable by a radical change in the environment, due 
to the introduction of electricity and the employment of high 
steam pressure. 

Whenever new types are undergoing development, before that 
weeding-out process known as “survival of the fittest” determines 
what the new type is to be, then standards have to wait until the 
process is complete. As regards the steam engine, it seems as if 
in one direction this determination of a type was wellnigh com- 
pleted, and that the time for some standardization had arrived ; 
and, the sooner that this is done, a source of great expense will be 
avoided, and opportunity for further development and progress 
extended. 

y the introduction of an electrical generator attached to and 
directly driven by the main shaft of a steam engine a new 
machine has been evolved. But the introduction of this  sys- 
tem has brought a world of complication and expense to both the 
engine and generator manufacturers, while, to some, serious finan- 
cial loss has been the result. 

The principal cause of these difficulties has been the lack of 
standard sizes, speeds, and important dimensions of electrical 
generators, so that the adaptation of the steam engine in each case 
has been made a special problem, frequently requiring special 
design and construction. 

To complicate the matter, the determination of the sizes and 
speeds of such generators is usually in the hands of a third party, 
who is not in touch with eitber the engine or generator builder. 
Ile may be a consulting electrical or mechanical engineer, an 
architect, a salesman, an agent, or some person presumably skilled 
in deciding upon the necessary machinery to satisfy certain con- 
ditions. 

If fortunately there had existed a list of capacities and speeds 
for electrical generators that was recommended by proper 
authorities, this list would gradually be used by such persons in 
securing and specifying the machine to be employed. As it now 
is, any odd size and speed may be selected by them; as, for 
instance, to my knowledge, a 45-kilowatt generator to be operated 
at 210 revolutions was once specified, almost at random. 

If for such a generating “set” bids are taken, then the engine 
and dynamo contractors who are unlucky enough to secure the 
order must design a special outfit. Perhaps this is the first 
time that A’s engine has ever been sold to drive one of B's 
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generators, and a new size of engine may have to be built, or vce 
versa; at any rate a correspondence ensues, with an interchange 
of drawings for a new pattern of sub-base which has to be made. 
It may happen that the engine shaft has to be enlarged to fit the 
armature, or the latter has to be changed to fit the shaft. Later 
the shaft has to be shipped to the dynamo shop to be pressed into 
the armature, or the armature sent 500 or 1,000 miles to be fitted 
to the shaft. In all this it is fortunate if mistakes or misfits do 
not occur. 

When the combined plant is ready for erection the engine 
erector has to codperate with the electrical erector ; usually one 
waits for the other a few days, under expense, doing nothing. 
Then begins the adjustment of the engine’s speed to suit the 
generator’s speed, which may be slightly fast or slow, as the case 
may be; the governor, too, may be out in a similar way. 

All told, these operations form a complicated and cumbersome 
system, which would be greatly ameliorated if there existed 
recognized and approved standards for a very few and simple 
conditions. 

What are the features that need standardization? First, for 
the use of the outside engineer there is a need for a standard 
series of capacities and speeds; and, second, those parts of the 
engine and generator which have to be connected or fastened 
together should be standardized for each different size to facilitate 
the assembling of the combined machine or “ set.” 

1. (a) Relative to a standard series of capacities and speeds, the 
different capacites or sizes should be selected to satisfy the usual 
demands of the market. The number of different sizes should 
not be too large, in order that the cost of production may not be 
enhanced by too great a variety of both generators and engines. 

In this connection, there might be a standard method of 
determining the capacity of a generator, which would designate, 
with a given load or percentage of overload, a given time limit 
within which a permissible increase of temperature of the field- 
coils, armature, and commutator can occur. 

(b) Relative to speeds, there should be at least three classes of 
speeds for each size or capacity of generator, corresponding, in the 
main, to the three classes of engines now on the market. These 


are known respectively as slow, medium, and high speed engines. 
By arranging the generator speed in this manner most of the 
conditions arising in practice could be met. There would be 
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g, 
which would be expensive, but durable and easily tended. A 
medium speed could be used for lighting-plants or conditions 
where lower first cost and a more limited space exist, but which 
will require closer attention and will probably be less durable. 
Lastly, the high-speed * set” would be required for limited space, 
low first cost, but it will require close attention and will probably 
be subject to heavier repairs. 


slow speed for factory, manufacturing, or street-railway service, 


Perhaps a series of generators could be arranged so that, by a 
modification in windings only, a given size for a standard slow 
speed could be used for larger standard sizes, at standard medium 
and high speeds. 

2. As to the standardization of the dimensions of those parts 
of the engine and dynamo which are connected together there are : 
(a) The shaft diameter and armature bore, which should both be 
expressed in thousandths of an inch; (4) the length of shaft out- 
side of the engine, and the location thereon of the outboard bear- 
ing, should be given in feet and inches ; (c) the distance from centre 
of armature to sub-base, in inches ; and (7) the length and width 
of generator base, and the size and location thereon of the bolts 
Which attach it to the sub-base, are probably all that are required. 

Such a system would materially reduce the complication of 
construction and erection. A fewer number of engines with 
their sub-bases and generators would be required. These, in the 
marketable sizes, could be carried in stock ready for any com- 
bination, thereby permitting manufacturers to avail themselves of 
multiple production, so great a factor in reducing costs, improy- 
ing quality, and facilitating delivery. 

An American system of standards well introduced abroad and 
at home might give to us a large share of the electrical and engine 
business of the world, 

In this connection, it seems to me that our Society and the 
American Institute of Electrical Engineers are the proper authori- 
ties to undertake such an investigation as will, by their recom- 
mendation, bring about such a result. 

To initiate a movement for this purpose, I move that the 
Council be requested to communicate with the American Institute 
of Electrical Engineers to ascertain if that institute will agree to 
appoint a committee to cobperate with a similar committee to be 
appointed by the American Society of Mechanical Engineers, to 
consider and report upon a standard series of capacities, speeds, 
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and necessary dimensions for electrical generators for direct con- 
nection to steam engines. 

And, furthermore, if a favorable response be received, then the 
President be requested, with the concurrence of the Council, to 
appoint a committee of five to codperate with the committee to 
be appointed by the American Institute of Electrical Engineers for 
the purpose herewith set forth. 


DISCUSSION, 


Mr. EP. Roberts.—\t is unquestionable that it is desirable to 
standardize wherever possible. Standards have been effected in 
many matters which were thought impossible, or, at least, imprac- 
ticable, and whether or not it is practicable to standardize genera- 
tor sets, and at least to the extent suggested by Mr. Stanwood, is, 
it seems to me, somewhat questionable. That it is desirable is, | 
believe, unquestionably a fact. 

Only last week I was in the shops of a prominent engine 
builder, discussing a bed-plate which he had designed for a_ set 
being installed under our specifications. Owing to certain fea- 
tures in the generator it was necessary to make a special design 
of bed-plate, and one which, in the engine builder's estimation, 
as well as our own, was not desirable. At the same time in his 
shops were bed-plates for other makes of generators, all of which 
differed in general design. With some the generator frame was 
movable parallel to the shaft; in others at right angles, and in 
others it was bolted in place. 

Therefore, if standardization can be effected, it certainly will 
be better for the engine builder, the consulting engineer, and the 
client; whether it would be better for the generator builder is 
somewhat of a question, as it will at least lessen the number of 
“talking points,” whether or not it lessens the value of the 
machine. 

Also it would be desirable if the various builders made each the 
same size unit, and at the same speed or speeds. At present the 
consulting engineer decides that a dynamo approximately a cer- 
tain size is desirable. He finds that several concerns make such 
asize and at a speed which is, in his estimation, suitable; but that 
there may be manufacturers of first-class material, and whose bid 
he desires, who do not make such size or operate at such speed, 
consequently they are barred out. If they are allowed to bid on 
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what they do make, then the size of the engine suitable for the 
other is not correct, and there is more or less difficulty in making 
matters tie up; even if there is not friction due either to barring 
out, or to accepting something different from that which is 
specified, 

Relative to the size of shaft, it is not seldom that the engine 
builder desires one of larger diameter than can be allowed by 
the generator builder, although this feature is not now as often 
met as it used to be. We, however, have had this trouble in our 
own experience quite recently. We have also had a generator 
builder send a ring gauge which he stated to be the size of the 
bore of their armature spiders, with instructions to make the shaft 
larger. The probability, however, of obtaining such 
dimension with a gauge which could not be slipped over the shaft, 
and which necessitated inside calipering of the gauge and mak- 
inga new gauge ;,;/°)9 larger, is certainly not very good, 

Whether or not the armature should be placed on the shaft 
at the dynamo builder's, the engine builder's, or when erected, 
also often gives rise to serious friction, but specifications should 
always cover such points. I hardly see how standardizing will 
affect same, as long as the engines and generators are built by 
different contractors. The same is true relative to one contrac- 
tor’s expert being delayed, at time of test, by that of another. 
llowever, delays of this kind should be provided for in the 
specifications. 

Mr. Albert K. Manspield.—In rising to second Mr. Stanwood’s 
motion with which he concludes his paper, IT would like to say 
that it has become a very important subject, especially from the 
standpoint of the builder of steam engines. At the present time 
it seems as if a new generator or new form of old generator came 
to light about every week, more or Jess, and that the manufacturer 
of the generator does not consider as carefully as he might in 
What way it can best be adapted to the different engines in the 
market. It becomes a great burden to the engine builder to 
adapt his machine to all these varieties of generators; in fact, so 


inuch so that when we can use the same patterns on second 
nstallations that we have used once, we find that there is after 
all some little pleasure in this business. It is rare that that 
can be done. As to the matter of speed, I do not think that the 
electrician considers carefully enough, generally, that the engine 
Which drives the electric motor is a reciprocating machine. The 
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motor is rotary. The reciprocating machine has limitations ; the 
motor perhaps none as_ to the matter of speed, or at all events not 
in the same direction. [ hope that this will result in a considera- 
tion of that branch of the subject which will have a tendency 
towards slower speed; at least [ mean slower speeds than the 
higher speeds which are now used in direct-connected plants. 
Another feature that I think should be well considered is in the 
application of the word “self-contained.” It seems to be a notion 
that it is necessary in a great many cases to unite the parts of an 
installation of this sort with castings which appear to be massive. 
The fact is that with or without such castings th® union must 
depend upon a substantial foundation. I believe it might well be 
considered by a committee of the sort proposed whether it might 
not be recommended that a substantial foundation is union 
enough. If so, it will result in economy to the buyer and simpli- 
fication to the manufacturer. The subject is an important one. 
It is growing very complex, and for that reason I take pleasure 
in seconding Mr. Stanwood’s motion. 

Prof. W. 8S. Aldrich_—This paper refers to radical changes in 
steam-engine practice brought on by environment. I should like 
to ask what guarantee we have that this change shall not keep 
going on and on. All feel that we know what ought to be done, 
but have very little idea as to how to bring it about. These 
changes in environment are going on continually ; and while we 
van standardize details of engines and dynamos, it is certainly a 
difficult matter to attempt to standardize an aggregate unit, much 
more so to standardize a unit so complicated as the dual combina- 
tion of an engine-dynamo unit. In pumping engines the steam 
and water mechanisms constitute one unit ; and a similar combi- 
nation has been variously attempted also by manufacturers of 
combined engines and dynamos as an aggregate unit. It may be 
that the time is coming when engine builders will be dynamo 
manufacturers, and when dynamo builders will be engine manu- 
facturers, but certainly that time is not here yet. 

Mr. Stanwood speaks of a type of steam engine which has be- 
come well-nigh completed in one direction. I should like to in- 
quire what particular type he refers to. 

With particular reference to the high-speed, direct-connected 
unit for the type of plant brought, before this meeting in other 
papers—office buildings, department stores, and so on—the cause 
of these difficulties has been attributed practically to electrical 
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engineers. The electrical industries came to the front and found 
certain established sizes of steam-engine units which they did not 
seek apparently to conform to. What early established the sizes 
for electrical generators but the requirements for lighting service ? 
Power service early in its career squarely set the sizes for its gen- 
erators. But the number of lamps furnished the basis on which 
generators were sold for lighting, and this later settled into certain 
well-known kilowatt capacities for dynamos. In other words, the 
number of lights required of the generator has set the pace for 
the electrical industry, to which now it appears the engine builder 
must conform. 

It is further brought out in this paper that there already existed, 
whether fortunately or otherwise, a list of sizes and capacities 
of steam engines to which that of the dynamo builder was not 
brought to conform. It appears that the engine builder must 
now change all his designs, patterns, and standard sizes, and re- 
adapt them to the new conditions that he is brought face to face 
with in the electrical industry. All will recognize this difficulty. 
In the case of steam pumps, however, the builder, as we have 
noted, solved the whole problem himself. In the case of the 
engine-dynamo unit it is scarcely to be hoped that any one builder 
will solve the problem, but if he did that would bring this combi- 
nation also rapidly to the front as a successful standardized aggre- 
gate unit. 

Attention should be called to the points about overloading and 
the limits of expansion in these combined units. It is important 
to know at what rated capacity you are going to install the engine 
for a given dynamo unit. The dynamo, it is understood, will take 
a certain overload, 331 to 50 per cent. for five or ten hours with a 
given rise of temperature. The engine is expected to meet that 
overload, of course, by increasing its expansion, as the author 
seems to have in mind the American automatic cut-off type and 
not that of the British throttle-regulated direct-connected unit. 

A curious feature in dynamo designing is to be seen in the arma- 
ture shafts, which have been up to the present time very small for 
the power transmitted through them. It is but necessary to call 
attention to the large size of the engine shaft of direct-connected 
units and the small size of the armature shaft to see the difficulty 
of standardizing a coupling. The sizes of shafts should be stand- 
ard for both engines and dynamos. 

Another point in Mr, Stanwood’s paper is that of arranging a 
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series of windings on dynamos to be suited to the different capac- 
ities, “so that, by a modification in windings only, a given size 
for a standard slow speed could be used for larger standard sizes 
at standard medium and high speeds.” I am afraid that our elec- 
trical designers will very seriously object to that. The work of 
throwing on and off coils on the field magnet of the dynamo to 
adapt it to changes of speed is not an everyday, an every hour, or 
an every minute question. It concerns the most vital question in 
regard to the design of the magnetic circuit as well as the effective 
working of the machine. It is not possible in the keen competi- 
tion of the electrical business to change the field coil windings of 
the dynamo to suit the size of the engine. There might be possi- 
bly a partial solution of the mechanical difficulties involved in this 
question by having standard sub-bases or floor plates with T slots, 
so placing the smaller engines and dynamos on one bed-plate, as 
in the larger machine shop erecting floors. 

Mr. W. 2D. Forbes.—The woes suggested by this paper and by 
the discussion are everyday, disagreeable, and, [am sorry to say, 
expensive facts to me. Therefore I take a great deal of interest 
inthe paper. It seems to me, however, that the troubles suggested 
by Professor Aldrich and by others here are easily overcome. 
The question of the higher speeds I do not think need trouble us. 
I believe we can to-day produce engines commercially—not mere 
freaks, but commercial engines—that run at very much higher 
speeds than anything now to be found. I feel quite sure that if 
anything is to be done in this matter it should be done quickly, 
it should be done at once; because | happen to know that there 
is a strong effort in two foreign countries to do something in this 
line in order to obtain a better hold on the trade there, and it 
behooves us as engineers not to be behindhand in the matter. 
But the question of the sub-base which several of the gentlemen 
have spoken about is a very small matter. I think I can show 
plenty of designs, and there are others who can show designs, in 
which, with very small expense, changes in the sub-bases can be 
effected and the combination of the dynamo and the engine readily 
made in good shape ; there is little or no trouble about that. But 
a trouble I do constantly find is that the dynamo makers do not 
seem to know, or at least are not willing to tell, the absolute truth 
about the power it takes to drive their dynamos. It is all right 
for these gentlemen; an owner goes ahead and overloads a 
dynamo, and it burns out, and the trick is done and there is no 


| ‘ 


STANDARDS FOR DIRECT-CONNECTED GENERATING SETS. 767 


trouble about who is to blame. But the engine is overloaded. 
Instead of running, it bumps around in all sorts of shapes, won’t 
govern, simply because it is a boy trying to do a man’s work. 
Here the dynamo man is all right, but the engine side is all wrong, 
and it is an important thing to find out, at once, how much power 
it takes to do the work which they say the dynamo will do. I 
find in making some tests that there is no comparison at all ap- 
parently in various makes of generators. I buy a 4-kilowatt 
machine from one man and a 4kilowatt machine from another, 
and the amount of power taken to drive the two machines is 
totally different. Professor Denton is making some tests in this 
direction with me now. There does not seem to be any data on 
which they all agree as to how much power is needed to turn an 
armature around. I hope this matter will be taken up, for the 
reason, as I say, that there are two foreign nations which are at- 
tempting to do something in this line in order to get the trade 
which they now do not possess. 

A Member.—Something has been said upon the engine side of 
the question, and I would like to add a few remarks on the other 
side, that of the dynamo builder, I think the dynamo builder 
appreciates as keenly as the engine builder the desirability of 
standardizing these two pieces of machinery, and while it is a 
problem which is extremely difficult, I think very much can be 
done, especially so far as standardizing the sizes and to a certain 
extent the speeds, from the dynamo builder’s standpoint. In 
general, the higher the speed the better the operation of the 
machinery. The speeds have a given output; cannot be uniform ; 
but there must be a slight variation on account of the various 
frequencies that it is necessary to use in electrical work. We use 
frequencies of 25 cycles, and 30, 40, and 60 cycles, and as the 
poles must be an even number, and for mechanical reasons it is 
necessary to have the number of poles divisible by four, it will 
be seen that with these various frequencies the same speeds can- 
not always be used. But if the engines can be designed so that 
they would vary in speed perhaps 5 per cent. above the normal 
rating and 5 per cent. below, all the conditions might be met 
for the various frequencies. With direct-current machines it 
is less difficult ; because almost any engine can be used, and the 
machine can be built for it. It seems to me that if the speeds and 
the types of the generators and engines could be standardized, 
the other matters would be comparatively simple. In regard to 
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the sizes of shaft, I do not suppose that we can always retain those 
the same, because it is necessary to have different fly wheel 
effects, and it is possible that the length of the machine and_ the 
place occupied by the flywheels could not always be retained the 
same for different machines. But no doubt a great deal can be 
done in this direction. Perhaps it might be accomplished by 
making the standard shaft a little heavier and a little longer than 
would be necessary for some of the cases; because we can afford 
to put a little more material into our apparatus provided we do 
not have to make a special design each time. I think the size of 
shafts might be made in even inches, and the size could certainly 
be determined once for all and a size adopted. 

In regard to the capacity of dynamos, there ought not to be any 
difficulty, because it is certainly well known what the required 
power is to drive a dynamo with a given output, because the 
efficiencies of dynamos have been very accurately determined, so 
that we know the power required for driving within one or two 
per cent. Of course the question of ability to overload a dynamo 
is indeterminable, the same as with a steam engine, because it will 
be overloaded the same as a steam engine by varying the cut-off 
on the steam engine. 

I think it is one of the most important questions of standards 
that have come up lately, because a very large per cent. of 
steam engines at present being built are used for dynamo driving ; 
and the fact that dynamo builders have to build from many 
different specifications from various engine builders makes it fully 
as important from the electrical standpoint as from the mechanical 
standpoint. I hope that immediate steps may be taken to stand- 
ardize this work as far as possible. 

The President.—Is there any further discussion? If not, the 
motion of Mr. Stanwood is in order. 

Mr. Stanwood’s motion was read by the secretary and passed 
unanimously. 

The Council subsequently gave favorable consideration to the 
subject, and under their action a committee, consisting of Messrs. 
Stanwood, Ball, Forbes, McFarland, and Rohrer, was appointed 
by the President. 
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DCCCXIX.* 
BOILER AND FURNACE EFFICIENCY. 


BY R. &. HALE 
(Associate Member), 


AND W. B. RUSSELL, BOSTON, MASS. 


THE studies of boiler efficiency hitherto published have been 
mainly based either on theories that could not be satisfactorily 
checked by experiment, or else on experimertal determinations 
of the efficiency without observing the facts necessary as a basis 
for a satisfactory theory. The reason for this is that in most 
experiments only the efficiency of the boiler as a whole has been 
observed, while this depends on various factors, such as the effi- 
ciency of the furnace, of the heating surface, of the grate, etc., etc.; 
and comparison of boiler efficiencies as a whole, without observ- 
ing the furnace and other efficiencies separately, is only one 
degree better than would be a comparison of boilers based on 
coal used per horse-power hour indicated in an engine without 
determining the efficiency of the engine. 

The following definitions bring out clearly the differences 
between the various efficiencies of a boiler. 


Definitions. 


The efficiency of a boiler, as a whole, is the ratio between the 
useful heat in the steam and the total heat originally in the fuel. 
{t may be considered as being the product of three other efficien- 
cies, the first of which is the furnace efficiency, or efficiency of 
combustion. It is the ratio between the sensible heat generated 
by combustion and the total heat supplied, the loss being the loss 
due to incomplete combustion. 

The second is the efficiency of transmission, or of heating sur- 
face. It is the ratio between the heat transmitted to the steam 


* Presented at the Washington meeting (May, 1899) of the American Society of 
‘'echanical Engineers, and forming part of Volume XX. of the Transactions. 
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and the sensible heat generated in the furnace, the loss being the 
loss due to the heat in the waste gases. 

The third is the efficiency of utilization, or ratio between the 
heat utilized and the heat transmitted through the heating sur- 
face, the loss being the loss due to radiation. 

These definitions are due to Hudson. (See London Lnagineer, 
1890, p. 523.) ° 

So far as we know, no theory governing the loss by incomplete 
combustion has ever been stated in exact form, but in 1897 one 
of the writers, in studying the efficiency of boiler heating surface, 
showed that the law governing the efficiency of heating suface as 
stated by Rankine could be most simply expressed by the 
formula : 

Efficiency of heating surface = 1—tef—_ 
1—t/ 


in which ¢ = temperature of steam above that of entering air ; 
c = specific heat of gas ; 
7 = pounds gas per pound fuel ; 
k = heat units generated per pound fuel ; 
a =a constant ; 
w = total heat units transmitted to steam ; 
s = water-heating surface. 

(See 7ransactions A. 8. M. E., 1897, pp. 831 and 340.) 

This formula shows that if the efficiency of combustion, the 
quantity of gas per pound fuel, and the term @, are constant, and 
the radiation negligible, the results of boiler tests when plotted, 
with efficiencies as ordinates and rates of evaporation as abscis- 
se, should fall on a straight line; and in the study of the effi- 
ciency of boiler heating surface above referred to it was shown 
that the straight-line formula indicated as well as any other the 
actual results of experiment. (See Transactions, vol. xviii., 
p. 339.) It was also shown that individual tests varied from the 
formula; but since individual variations might be due either to 
variations in the efficiency of combustion or to variations in the 
air supply, and did not necessarily imply error in the formula, it 
was thought that further investigation might prove of value if 
based on tests in which the efficiency of combustion and the air 
supply had been measured. 
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Tests. 


For this purpose most of the tests given in the former paper 
were unavailable, for the reason that neither the efficiency of 
combustion nor the air supply was measured except in Professor 
Kennedy’s tests of the Thorneyeroft boiler. The tests given in 
Table I. have therefore been collected. In this table the first 
column is the reference number of the test. The second column 
gives the type of boiler, all of which types are familiar, except 
the German combined boiler, or double boiler, of which no cut 
is given. The third column gives the type of furnace. The 
next seven columns give the heat balance as given in the 
original tests, except in a few tests where it has been recal- 
culated. The heat balances are not all figured in the same way, 
and although the difference is slight it should be noted. In the 
American tests the total heat in the fuel to which the other quan- 
tities are referred is the total heat theoretically available for 
heating water, including all of the latent heat of the H,O in the 
gases, since this latent heat theoretically could be utilized if the 
object were to heat water and not make steam. In the German 
tests, on the other hand, the total heat in the coal is taken as the 
total heat theoretically available for making steam. If the coal 
is burned under a steam boiler, the hydrogen in the coal burns to 
gaseous H,O, and develops approximately 52,200 British thermal 
units per pound. If the H,O thus formed should condense it 
would give up another 10,000 British thermal units; but this 
\dditional heat is not available for making steam, and is there- 
fore in the German tests omitted from the heat of the coal, since 
the comparison is of steam boilers and not water heaters. Simi- 
‘arly, the moisture in the coal must be evaporated before any steam 
‘an be made, and the heat necessary for this is, in the German 
ests, also subtracted from the heat of the coal. In the English 
ests the total heat of the coal is taken as the total heat in the 
iry coal theoretically available for making steam, and therefore 
mits the latent heat of the H,O from the hydrogen, but makes 
» allowance for the latent heat of the moisture. 
A second difference in presentation depends on the unburned 
al in the ashes. The German tests use the total heat in the 
al as fired, é.e., they figure on coal. The American and Eng- 
‘sh tests use the total coal burned, subtracting the coal found in 
‘he ashes, ¢.¢., they figure on combustible. 
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Having thus explained a slight difference in method of presen- 
tation of the heat balances as a whole, we will continue with the 
separate items. 

Column 4, the first column of the heat balance, gives tlie heat 
in the steam. 

Column 5 gives the heat in the hot gases. In cases where this 
has been recalculated, the weight of dry gas and specific heat of 
.25 have been used. The weight of total gas, including the H,O, 
exceeds the weight of dry gas by some } pound in about 20 
pounds, or 1% per cent., and the H,O has a specific heat of 
double that of the dry gas, making an error of about 3} per cent. 
In addition, the heat capacity of the moisture in the air is not 
measured or allowed for in any of the tests. Against these two 
errors is set the fact that the true specific heat of the dry gas is 
more nearly .24 than .25, an error of 4 per cent., so that these 
errors practically balance for ordinary air supplies. For very 
large amounts of gas the heat capacity thus computed would be 
slightly greater than the truth, and for small amounts slightly less, 
but considering the gain in simplicity of this method of computa- 
tion over the exact methods, and the fact that the true specific 
heats are not very exactly known, it is thought to be justified. 

Column 6 gives the heat loss by the formation of CO in the 
tests in which it was tested for and found appreciable. In many 
of the tests the loss from CO has been reported as zero on inade- 
quate tests, so that it has been thought best not to make any 
difference in statement between the tests in which it was not 
measured, and the tests in which it is reported zero. 

Column 7 gives the loss in the ashpit. In the American tests 
this item does not appear, since the heat of the coal lost in the 
ashpit is not included in the heat to which the heat balance is 
referred. In the English tests the same rule holds, the percent- 
age given in some of the English tests referring to the sensible 
heat in the coal and ashes withdrawn from the grate at the end of 
the test. 

Column 8 gives the loss due to latent heat of the H,O in the 
gases. In the German tests this does not appear, since this heat 
was not originally considered as part of the total heat of the coal. 
In the English tests it includes only the latent heat of the moisture 
in the coal. In the American tests it includes all the latent heat 
of the H,O in the gases. 

Column 9 gives the radiation. In tests 78 and 79 this was 
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computed from the temperature and known rate of flow of heat 
through the boiler covering ; in test 11 this was measured by the 
fall of pressure method; in the other tests (12 to 19 inclusive 
and 21), by noting the quantity of coal necessary to keep up the 
steam pressure without making steam. 

Jolumn 10 gives the unaccounted for loss. It includes the loss 
by hydrocarbons in the gases, and also all the other losses when 
not separately measured. 

Column 11 gives the efficiency of combustion, @.¢., the ratio 
between the heat generated as sensible heat and the total heat 
theoretically available, and is the sum of columns 4 and 5. 
Strictly speaking, the true efficiency of combustion is higher 
than these figures by the amount of the radiation, but since the 
radiation is so seldom measured the method used will be found 
more convenient. It should also be remembered that this figure 
varies according to whether the German, English, or American 
method of measuring the heat in the coal is used, but the varia- 
tion is unimportant for the present purposes. 

Column 12 gives the efficiency of transmission. It is the ratio 
of column 4 to column 11, except in a few cases where the heat 
balance is given as originally reported, but column 12 recaleu- 
lated. ‘The neglect of the radiation introduces a slight negligible 
error into this figure also. 

Column 13 gives the rate of transmission of heat through the 
heating surface in British thermal units per square foot per hour. 

Column 14 gives the quantity of gas per 1,000 British thermal 


units of sensible heat, proportional to quantity z in the formula. 


‘When two figures are given the second refers to the quantity 
f gas measured at the bridge wall.) 

Column 15 gives the rate of combustion in pounds of coal per 
quare foot of grate per hour. 

Column 16 gives the efficiency of transmission as calculated 
rom the formula, using for a a value of 150. (When two figures 
re given the second is based on the quantity of gas at the bridge 
vall.) 

Column 17 gives the difference between the calculated and 
oserved efficiencies of transmission, being + when the observed 
alue is greater than the calculated, and — when it is less. 

Column 18 gives the kind of coal used. 

Column 19 gives the number in the original reference when 
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necessary, and column 20 gives the original reference where the 
complete data may be found. ° 

In selecting tests, practically all tests found giving the required 
data have been selected, except that no test in which over 100 
per cent. of the total heat of the coal has been accounted for has 
been admitted. An over-accounting for the heat may be due to 
priming, and may be due to accidental error. In the latter case it 
would not be correct to reject the results in making up an average 
unless the similar errors in the opposite direction were also 
rejected, but since priming errors are all in the same direction, 
and have not been allowed for in many of the tests, and since 
they are in a direction opposite to any error that would arise 
from the rejection of these tests, it is thought that their rejection 
is justified. 

No test has been used unless amount of gas has been deter- 
mined by analysis, as anemometer and econometer tests were not 
considered sufficiently reliable. 


Method of Analyzing Table 7. 


The tests presented in Table I. give a large amount of data, but 
it is obvious that the variations of single tests are so great that 
only a method of averages can be used to draw out useful infor- 
mation. This method is correct only if carefully used, but is the 
only method available. While some of the results given below 
may be considered as adequately proved, notably the fact that 
radiation is, in well-covered boilers, a much smaller loss than has 
often been reported, yet many of the results must be considered 
only as indications to be confirmed or reversed by future experi- 
ments. 

The first question to be investigated will be the unaccounted for 
loss (column 10). This is generally ascribed to radiation, in which 
case the actual loss in heat units should remain constant what- 
ever the rate of working, and in consequence the loss expressed as 
a percentage should decrease when the boiler is forced. Table II. 
divides the tests into five classes, according to the rate at which 
the boilers are worked, and the average per cent. unaccounted 
for (including radiation when separately measured) shows no tend- 
ency to decrease as the rate of working increases. Before 
accepting this result one or two possible sources of error will be 
investigated. It is theoretically possible that an increased loss 
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by incomplete combustion of hydrocarbons at high rates of com- 
bustion might have balanced the decreased percentage loss by 
radiation; but Table IIT., in which tests are divided into classes 
according to the rate of combustion, shows that if anything the 
higher the rate of combustion the less the unaccounted for loss 
up to the limit of 35 pounds per square foot of grate per hour. 
The high loss above this limit is probably due to particles of 
coal carried up the chimney by the strong draft necessary to 
burn coal at these high rates. (W. F. M. Goss’s tests showed 
how this loss increases at high rates of combustion. See /ngi- 
neering News, September 24, 1596.) 

Table IV. is similar to Table IL., but is limited to one class of 
boilers. It shows that the uniformity of the unaccounted for loss 
in Table IT. was not due to averaging different types of boilers in 
one table. 


These results show either that radiation is the same percentage, 
and consequently three or four times as much in heat units when 
the boiler is forced as when it is easily worked—a state of things 
inconsistent with any ordinary form of radiation—or else that 
radiation forms but « very small portion of the unaccounted for 
loss. That the latter is true may be shown in another way, since 
radiation may be determined independently of the unaccounted for 
loss by experimental methods of more or less accuracy. If the 
radiation is computed from the experiments on transmission of 
heat through boiler coverings, it is found to be only about 1 per 
cent. of the heat used at ordinary rates of working. (Tests 78 
and 79 gave about 1 per cent. when calculated from the figures 
given in Norton’s tests of similar boiler coverings. 7?ansactions 
A.S. M. E., vol. xix., p. 729. See also A. S. M. E., vol. xviii, 
». 917.) Another way of determining the radiation is to get up 
steam on a boiler, then draw the fires, closing all dampers, and 
note the time necessary for a certain amount of heat to radiate, 

s shown by the fall of steam pressure. The result determined 
y this method would naturally be higher than the truth on 
ceount of the difficulty of absolutely closing the dampers, and 

‘t test 11 gave only 4.7 per cent. out of a total of 15.2 per cent. 

't otherwise accounted for, and tests 78 and 79 gave about 1} per 

nt. out of 15.1 and 9.9 per cent. not otherwise accounted. Still 

nother method would be to measure the amount of coal neces- 
ty to keep up pressure without making steam. This would 
‘so be very much greater than the radiation alone, on account of 
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the loss in the flue and by air leakage, and yet in Donkiu’s tests 
(12 to 19 inclusive and 21) this method by no means accounted 
for all the heat. 

In Engineering News, February 23, 1899, p. 118, are given 
some experiments on a locomotive boiler which indicated a radi- 
ation loss that would correspond to only about 24 per cent. on 
the basis of Tables IIL., III., and IV., although the boiler was 
only partially covered. 

Reviewing this information, we find that the most accurate 
method, which is computation from tests on boilers and pipe- 
coverings, indicates a loss of radiation from well-covered boilers 
of about 1 per cent. at ordinary rates of working (3,000 British 
thermal units transmitted per square foot, or 12 square feet per 
horse-power), and that other experimental methods, as well as 
Tables IL., IIT., and IV., fail to show that the loss is larger than 
this. While the proof may not be conclusive, the inference is 
clear that the radiation is only about 1 per cent. at ordinary rates 
of working, about 2 per cent. when boiler is half worked, or } per 
cent. when forced to double the ordinary rate. This leaves 
about 84 per cent. still unaccounted for of the 9.6 average unac- 
counted for heat. Some carbon is undoubtedly carried up the 
chimney with the draft. This may be put down as $ per cent. 
In some of the tests CO, and in some (German tests on coal dust) 
the loss in the ashes, was not determined. Allowing 1 per cent. 
for these, we still find 7 per cent. unaccounted for, and hydro- 
carbon gases in the flue are the loss left to which we can ascribe 
this 7 per cent. 

It should be noted that a large hydrocarbon loss introduces an 
error into the methods of figuring the gas per pound of coal. 
This quantity is usually figured from the gas per pound of carbon 
and the percentage of carbon in the fuel, but since some 7 per 
cent. of the heat is lost in the form of hydrocarbons, it is clear 
that some proportion, perhaps about 4 per cent., of the carbon is 
not measured in the gas analysis, so that this method of compu- 
tation is in error by about thisamount. ‘This error is, however, 
too uncertain to be taken account of in the present calculations. 


Unaccounted for Loss, continued. 


Next, the subject of what causes this hydrocarbon loss will be 
investigated. Table V. divides the tests according to the air 
supply per 1,000 British thermal units generated, all the tests 
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being included, and the air supply taken as that at the flue in all 
the tests, while Table VI. makes the same classification, but 
includes only the tests in which the air supply was measured at 
the bridge, or in which there was no probability of air leakage 
having occurred, i.c.,in tests on combined, locomotive, return 
tubular, marine, and Thorneycroft boilers. 

Strictly speaking, the classification should have been according 
to the air supply per 1,000 British thermal units that could have 
been theoretically generated, or, better still, according to the ratio 
of the air actually used to the amount theoretically necessary for 
perfect combustion, but inspection shows that the correction 
would make but slight difference, and the table indicates clearly 
that the hydrocarbon loss is, if anything, smaller when the air 
supply is small. This is such a surprising result that the de- 
pendence of the CO loss on the air supply will be at once in- 
vestigated. 

Table VII. shows that the CO loss does depend on the air 
supply, especially when we note that, strictly speaking, tests 12 
and 78 should come under the first column, since the high fig- 
ure of gas per 1,000 thermal units in those tests is not due to 
the large air supply but to the excessive incomplete combus- 
tion, reducing the thermal units generated. If these tests were 
placed in the first column of Table VII. it would make the 
average losses run approximately in the order 24, dy 
per cent., as the air supply increases, showing that the danger of 
loss from CO appears when the gas per 1,000 British thermal 
units falls below 1.3 pounds, or approximately below one and a 
half times the theoretical amount needed for perfect combustion. 
Many of the tests, however, show that it is possible to reduce 
the air supply below this amount without forming any serious 
amount of CO or hydrocarbons (tests 1, 2, 3, 6, 55, 82, and others). 

Table VIIT. is self-explanatory. It shows that neither stokers 
nor coal-dust firing is effective in decreasing the unaccounted 
for or hydrocarbon loss, and while the down-draft grates show an 
excellent result, the number of tests is so few as to prevent our 
accepting the result as final with any confidence. 

Table IX. indicates that the unaccounted for loss increases as 
the quality of the coal decreases, the exception being the high 
figure for the single test of anthracite coal and for the Welsh coal. 
It is probable that the anthracite and Welsh would be more 


accurately represented by 7 per cent., and that the difference is 
50 


| 
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about 4 per cent. between the best and worst coals. If the aver- 
age efficiency of the boilers be taken at 70 per cent., this would 
mean about 6 per cent. greater evaporation per heat unit from 
good than from poor coals. [N. W. Lord’s results indicate (/n- 
gineering News, February 16, 1899) about 4 per cent. difference 
between Pocahontas and Ohio coals. Circular 5 of the Mutual 
Boiler Insurance Company showed that Nova Scotia coal was 
about 15 per cent. less value in a boiler test than Cumberland, 
though only about 8 per cent. less in theoretical heat units, indi- 
cating about 7 per cent. more heat unaccounted for. | 

Western coals have been reputed to give lower efliciencies than 
these figures would show, and there may be some characteristic 
in Western coals that would have this effect. It is to be regretted 
that no boiler tests with Western coals were found in which both 
the coal analysis and gas analysis were given. 

Table X. is self-explanatory. With the exception of the marine 
boiler tests, the cylinder boiler tests, and the test on a Lancashire 
boiler with gas generator, they show a superiority (by about 4 per 
cent.) for the boilers with fairly large furnace and brick walls over 
the boilers with small furnaces and no brick sides to the furnaces. 


Cause of Tlydrocarbon Loss. 


The following hypothesis seems to explain the unaccounted 
for loss, namely : 

The loss by hydrocarbons is inversely proportional to the tem- 
perature of the fire. 

On reviewing the tables in the light of this hypothesis we find 
that in Table ITT. the temperature of the fire increases as the rate 
of combustion increases, for the reason that as the rate of com- 
bustion increases less time is offered for the coal bed to lose heat 
by radiation, so that the coal bed itself and the gases are hotter. 
As a result the unaccounted for loss (hydrocarbons) should and 
does decrease as the rate of combustion increases up to the point 
where the solid particles of coal are carried over by the draft. In 
Table V. the temperature of the fire theoretically increases as the 
gas per 1,000 British thermal units decreases, since the heat 
developed is taken up by a smaller amount of gas, and therefore 
raises it toa higher temperature, so that the hydrocarbon loss 
should decrease. The temperature, however, does not increase 
proportionately with the decrease of air supply on account of the 
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phenomenon of dissociation, so that the increase of temperature 
and decreased hydrocarbon loss at low air supply are but slight. 

In Table VIII. neither stokers nor coal-dust firing would 
differ very much from hand firing in average temperature of the 
fire, while the down-draft grate with its double combustion should 
show a high temperature and low hydrocarbon loss. 

In Table IX. the poor grades of coal with large amounts of 
oxygen, which reduces the temperature, and with a large propor- 
tion of their heat units in the form of hydrocarbons, naturally 
show a larger loss than the good coals. 

In Table X. the boilers with brick in the furnace and the 
boilers with large furnaces naturally have a higher furnace tem- 
perature and lower loss than the boilers like the Lancashire or 
locomotive, in which the temperature of the fire is quickly reduced 
by radiation to the cold boiler shells close to the fire. 

Since the loss is greater with poor coals it is natural to expect 
that good furnace conditions would be more important with poor 
coals than with good coals. 


Efficiency of Heating Surface. 


In regard to the efficiency of heating surface, the accuracy of 
the formula will be first investigated. 

Table XI. shows the average errors of the formula at different 
rates of evaporation from the shell boilers (Lancashire, cylinder, 
ete.), for fire-tube boilers, for water-tube boilers of the Heine 
and B. & W. class, and for the Thorneycroft and water-tube 
boilers, while Table XII. shows the same results for all 
classes of boilers. Considering the probability of errors, the 
results show a gratifying agreement with the formula at all rates 
of evaporation, with the exception of the tests of water-tube 
boilers of the Heine and B. & W. type at low rates of evapora- 
tion. This exception is probably due to short circuiting of the 
gases at low rates of working and consequent ineffectiveness of a 
large part of the heating surface. The fact that the Thorney- 
croft, fire-tube, water-tube with large tubes, and Lancashire 
boilers all give results agreeing about equally well with the for- 
mula (with the single exception noted), indicates that the cireu- 


lation, both of water and gases, is equally good in all those 
types. 


Table XIII. compares the results of the formula when air 
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supply is varied. The results indicate that the formula gives too 
low results by about 14 per cent. when the air supply is small, 
and too large results by about 2 per cent. when the air supply is 
large—the very large figure for air supply over 1.9 with double 
tests being most probably due to accidental error or air leak- 
ages after the gases have left the boiler. The figures with gases 
measured in flue only on boilers subject to air leakage naturally 
show results higher than the formula when the air supply, as 
measured, is large, since in many of these cases the large air 
supply is due only to leakage. 

Part of this divergence from the formula is accounted for by 
the approximate method of calculation used (see p. 772). When 
the air supply is large, the error in neglecting the H,O is less 
than the error from using .25 instead of .24 as the specific heat 
of the gas. This, however, would account for less than 1 per 
cent., leaving the formula about 1 per cent. too low at low air 
supply, and about 1 per cent. too high at large air supply. 
This divergence from the formula is clearly not due to any vari- 
ation in the speed of the gases over the heating surface, since 
if it were due to the speed it would appear in Tables XI. and 
XII., where the variation in speed over the heating surface is over 
twice as great as the variation in speed in Table XIII. The 
variation from the formula is most probably due to air leakage 
into the flue after the gases have left the boiler, but before they 
are measured. Such air leakage would cause the formula to in- 
dicate a lower result than the truth, 7.¢., would make the varia- 
tion +, and would be more often present when the air supply, as 
measured, was high. It is probable, therefore, that the formula 
represents the average efficiency of heating surface within 1 per 
cent., except in certain boilers, where the gases short circuit at low 
rates of evaporation, and that variations from the results indicated 
by the formula are due either to experimental error or to variation 
in the condition of the heating surface, 7.¢., to whether it is clean 
or covered with scale or not. The comparison of the unaccounted 
for losses with the variations from the formula will give a slight 
indication of whether experimental errors or variations in condi- 
tion of heating surface are most frequent, and is given in Table 
XVI. _ An error in the steam measurement that makes a + varia- 
tion from the formula diminishes the unaccounted for. An error 
in the gas that makes a + variation in the formula increases the 
unaccounted for. Now, if the gas measurements are all correct 
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and the steam measurements in error, we should find that tests 
with + difference from the formula usually have a small per cent. 
unaccounted for. If the steam measurements are correct, and 
the gas measurements in error, the reverse is true. If they are 
both correct, the tests with variation in the formula would be 
equally divided between the tests with small and the tests with 
large unaccounted for losses. 

Now, Table XIV. shows no great tendency for the tests with 
either + or — variations to fall into either the class of low or 
the class of high per cents. unaccounted for, and since it is very 
improbable that the + error in the gas and the — error in the 
steam, or vice versa, should both be large, and should also balance 
each cther, the inference is that the tests are reasonably correct, 
so far as the steam and gas are concerned, and that variations 
from the formula are due to variations in the condition of the 
heating surface (which would be caused by short circuiting of 
gases, or by scale or soot on the heating surface) rather than to 
experimental error. Of course, experimental errors are undoubt- 
edly present, and are often large, but the table (XIV.) indicates 
that on an average they are not so important as the variations in 
condition of heating surface. It should also be noted that this 
comparison shows nothing whatever about the accuracy of the 
measurements of the fuel or the heat therein. 


Air Supply. 


The amount of air used in different types of furnace is shown 
in Table XV. The fact that mechanical stokers need fully as 
much air to develop the heat as hand firing is a surprise. The 
other figures are much what we should expect. 

The variation in air supply with different rates of combustion 
is Shown in Table XVI. The air supply decreases markedly as 
the rate of combustion increases. 

It is, however, probable that it is the ratio between the square 
root of the draft pressure and the rate of combustion that affects 
the air supply, and not the rate of combustion alone. 

The variation of air supply with various grades of coals is 
shown in Table XVII. The table gives no indication of any law. 

The loss in efficiency due to air leakage is shown in Table XII. 
Boilers in which the gases were tested in both bridge and flue 
showed about 4 per cent. worse efficiency than that indicated by 
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the formula using the air supply at the bridge. Since the formula 
appears to be nearly correct, this is the measure of average loss 
by air leakage in these boilers, although it is much higher in some 
cases. Using Table XI., the loss appears to be about the same 
for the Lancashire types and for the water types subject to air 
leakage, after allowing for the loss in two of the water-tube tests 
by short circuiting of the gases. 

The lessons to be learned from these data are as follows. Most 
of them only confirm present best practice : 

In designing or selecting a boiler have the furnace roomy, and, 
if practicable, line it with brick in order to have a very high 
furnace temperature. 

Pay especial attention to the furnace if poor coal is to be used. 
Get rid of air leaks after the gases have left the hot furnace. 
Proportion the boiler so that at least 15 pounds of coal per 
square foot of grate must be burned to develop its horse-power, 
and so to keep the rate of evaporation per square foot of heat- 
ing surface low. This involves a moderately high ratio of heat- 
ing to grate surface. 

The horizontal return tubular boilers appear, all things con- 
sidered, to be the type of boiler for best economy of steam pro- 
duction, although the internally fired boilers are probably as good 
if the furnace is roomy and the firing careful. The Thorneycroft 
boiler, which (from a combustion point of view) is of this type, 
shows the best result of all. 

Certain of the water-tube boilers suffer from air leakage and 
from short circuiting of gases if underworked. Of course the 
advantages of water-tube boilers often make their choice advis- 
able, even at the possible expense of a slight loss in efficiency. 

The Lancashire type suffers from air leakage, and the furnace 
is poor. 

Stokers save nothing over hand firing, either in better combus- 
tion or less air supply. This does not necessarily apply to all 
stokers, and it should be remembered that, even if it should 
finally prove to be true that stokers are no more efficient than 
hand firing, yet saving in labor and smoke may pay good returns 
on their cost. 

Down-draft grates show up well, both in good combustion and 
small air supply, but the number of tests is too few to allow final 
conclusions to be drawn. 

The results show that present knowledge enables the boiler 
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efficiency to be predicted reasonably well, provided the efficiency 
of combustion and the air supply are accurately known, and 
although these quantities themselves cannot as yet be accurately 
predicted, yet it is shown that the temperature of the furnace is 
ut least one factor in the question of good combustion, and that 
rate of burning per square foot of grate either affects the air sup- 
ply or is affected by some causes that also affect the air supply 
so that they vary together. 

The most pressing need, therefore, in the study of boiler 
efficiency is the further determination of the factors that govern 
the efficiency of combustion and the air supply. The latter can 
be studied by the means of taking gas analyses at the bridge wall 
for different methods or frequency of firing, thickness of fire, ete. 
The factors governing efficiency of combustion can only be deter- 
mined by carefully conducted and complete tests with heat 
balance. In this connection it should be noted that one or two 
accurate tests, in which all the quantities, such as thickness of 
fires, gas analysis, etc., are observed, are, for the purpose of in- 
creasing our knowledge of boiler efficiency, worth a thousand tests 
in which the efficiency or evaporation is measured alone. 
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TABLE II. 
UNACCOUNTED FOR HEAT AND RATE OF EVAPORATION. 


T. U. Transmitted 
Per Sq. Ft. of Heat- Less Than = 2,500 to 3,500 to 4,500 to " 
ing Surface Per 2,500, 3,500, 4,500. 5.500. Over 5,500. All Tests. 
Hour. 


Number of tests.. 12 24 | 25 24 18 103 
‘Total per cent, un- 

accounted for... 113.! 239.7 228 .3 223.2 179.8 984.3 
Average per cent. 

unaccounted for. 9.5 10.0 9.1 9.30 10.0 9.6 


TABLE III. 
UNACCOUNTED FOR HEAT AND RATE OF COMBUSTION, 


Pounds Coal Per 
Sq. Ft. of Grate Less I han 45to25. | 25to35. | Over 35. oal-dust Miscella- | 4}| Tests. 
Per Hour 15 Firing. neous. 


Number of tests. 4: t 19 1 103 
Total per cent. 
unaccounted for. 7 207.1 15.4 984.3 
Average percent. 
unaccounted for. : 2. 10.9 15.4 9.6 


TABLE IV. 
UNACCOUNTED FOR HEAT AND RATE OF EVAPORATION. 


LANCASHIRE, CORNISH, AND GALLOWAY BorLers ONLY. 


T. U. Transmitted | | All Tests of 
Per Sq. Ft. of Heat- Less Than. 2.500 to 3,500 to 4,500 to Over 5.500 These 
ing Per | 2,500. 3.500, 4.500, 5.500. Ver 0,000. Boilers. 


Number of tests. . 4 11 17 13 46 
otal per cent. un- 
accounted for... .| 5. 53.5 101.2 150.7 151.9 463.1 
\verage per cent. 
unaccounted for. D. 13.4 9.2 8.9 3.7 10.1 


TABLE V. 


UNACCOUNTED FOR HEAT AND ATR SUPPLY. 


ids Gas per 1,000 B. T. U. Generated. |Under 1.3.| 1.3 to 1.6. | 1.6 to 1.9. | Over 1.9. All Tests. 


| 
il per cent. unaccounted for... | 199.2 320.5 186. 
rage per cent. unaccounted for. | mf 9.7 9.3 


in Table V. the quantity of gas is that in the flue, and includes 
| tests. 


739 

a7 | 103 

278.3 | 984.3 

10.3 | 9.6 
| 
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TABLE VI. 
UNACCOUNTED FOR HEAT AND AIR SUPPLY. 


Pounds Gas per 1,000 B. T. U. Generated. Under 1.3., 1.3 to1.6. 1.6 to 1.9.) Over 19. ‘All Tests, 


Number of tests, no air leak......., 29 33 13 9 84 
Total per cent. unaccounted for... 262.1 327.2 | 117.4] 92.0 798.7 
Average per cent. unaccounted for. 9.1 9.9 9.0 | 10.2 9.5 


TABLE VII. 


CARBON MoNnoxtpE Loss AND AIR SUPPLY. 


Pounds Gas per 1,000 B. T. U. Generated. Under 1,3. 1.3 to 1.6. | 1.6 to1.9. |1.9and Over, 
Number of tests, no air leak............... |} 29 33 1% | 9 
Total per cent. of CO loss................. 19.5 43.2 3.0 1.2 
Average per cent. of CO loss.......... 1.3 2 
TABLE VIII. 
UNACCOUNTED FOR Loss AND TYPE OF FURNACE. 
Coking Coal-dust Miscella All 
Stokers. Firing. neous, Tests. 
Number of tests......... 52 26 19 4 2 108 
Total per cent. unac- 
counted for...... ~-| 473.5 256.1 207.1 22.6 23.0 984.3 
Average per cent. unac- 
TOP... 9.1 9.9 10.9 5.7 11.5 9.6 


TABLE IX. 


UNACCOUNTED FOR Loss AND KIND OF COAL. 


= > = or 
= = £5 = =z 5 


Ct 


Number of tests... 3 1 16 15 7 21 47 10 26 10° 
Total per cent. un- 

accounted for....17.115.4 162.2 104.955.2 187.439.8 109.2 298.5 984.3 
Average per cent. 

unaccounted for. 5.715 4 10.1 7.0) 7.9 8.910.0 10.9, 11.2 9.4 


- 
| 
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TABLE X. 


UNACCOUNTED FoR Loss AND TYPE OF BOTLER. 


2 z 
lSisis! . a2igig | all. 
Number of tests...... 45 2 6 3 8 5 1 9 2 » 1 s 1 1 103 
Totul per cent, un 
accounted for.,....... 155.5 30.9 66.2 38.9 85.6 43.8 31.7 61.9 11.0 18.3 62.958.3 11.7 7.6, 084.3 
Average per cent, un 
accounted for ......--| 10.1:15.5.11.0 13.010.7 8.8 7.9 6.9 5.5 9,215.7 7.3 2.9 7.6 0.6 


TABLE XI. 
VARIATIONS FROM EFFICIENCY BY FORMULA AND RATE OF EVAPORATION, 


DovusLe Tests on SHELL Borters (LANCASHIRE, Ere 


B.T.U. Transmitted per Square, Under 2.500 to 3.500 to 1.500 to 
Foot per Hour 2.500 3.500 150) 5) 
Number of tests ........ 0 2 10 Is 1) 10 
Per cent, above formula..|........ 6.0 29.2 89.1 45.7 170.0 
Per cent. below formula..|........ 10.7 17.7 73.5 37.4 139 ¢ 
Difference ....... 4.7 11.5 15.6 8.3 30.7 
Average per test....... 2.3 9 +.8 + .8 
DouBLeE ‘Tests ON WATER-TUBE 

Number of tests......... 1 2 4 7 
Per cent, above formula. . 0 20.7 27 
Per cent. below formula...) 28.8 20 0 56.2 
28.8 1.3 28.5 
Average per test ........ —14.4 | —.3 —4.1 


Tests oF Fire-TuBE Borers (No Ark LEAK orn DovuBLe Test) 


Number of tests........ 6 11 | 10 2 4 33 


Per cent. above formula..| 11.2 $1.5 28.4 5.5 4.3 80.9 
Per cent. below formula..| 14.: 14.5 | 5.6 5.5 8 40.7 
2.1 17.0 22.8 0 3.5 40.2 
Average per test .........] —.3 |4 1.5 '+ 2.3 +0 +.9 + 1.2 


Tests oF THORNEYCROFT WATER-TUBE Boitens (No Arr LEAR). 


Number of tests 
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Foot of Heat’g Surface per Hr. 


Number of double tests . . 
Actual efficiencies com- 
pared with computed : 


Average per test. ........ 


Number of tests with air 


Average per test 


3. TU. Transmitted per Square Less than 


EFFICIENCY. 
TABLE XII. 


SAME AS TABLE XI. 


2.500, | 3,500, 4.500. 
4 10 12 
9.2 43.4 32 
35.6 44.8 18 
26.4 1.4 14 
— 6.6 — .1/} + 1 
5 7 9 
3.2 14.8 24. 
7.5 2.4 
4.3 12.4 
— + + 1. 
7 4 
10.7 25.0 10. 
1.8 1.6 45 
8.9 23.4 5 
+ 3.0 + 3.8 + 1. 
TABLE XIII. 


2.500 to 


3.500 t 


4.500 to 
5.500. 


VARIATIONS FROM EFFICIENCY BY FORMULA COMPARED WITH AIR SUPPLY 


Pounds Gas per 1,000 B. T. U. 


Number of double tests........ 


Per cent. above............ 
Per cent. below......... 
Difference 


ese 


Under 1.3. 


Number of tests no air leak .... 


Per cent. above............ 


Number of tests air leak 
Per cent. above ........... 
Per cent. below ........... 
Difference......... 


1.310 1.6 


| 


1.6 to 1.9. 


10 


105. 


32.2 


All Tests 


f i 
‘ Over All 
19 10 dD 
| 
Per cent. above.......... 7 96.1 45 22.1 
Per cent. below.......... 5 78.9 37 21.3 
17.2 8 11.8 
Average per test........ 2 + .9 + .8 + .2 
Number of tesis with no | 
Per cent. above .......... i) 74 4.3 54.6 
Per cent. below......... 8 5.5 8 24.0 
| 1.9 $3.5 30.6 
9| + 6] + 57 
2 3 19 
Per cent. above........... 4 0 25.8 71.9 
Per cent. below......... 6 4.1 18.4 
6 21 7 53.5 
5 8 + 2.8 
14 | | 16 = 55 
15.1 | 35.3 71.6 | 
46.7 63.0 73.1 15.0 
31.6 | 27.7 | 1.5 71.9 | 
Average per test.............. | —2.2 1.9 — .1 + 7.2 
| | | 
8 13 3 29 
| 4.0 | 29.2 7.9 13.5 54.6 
10.7 | 6.5 4 24.0) 
Difference .......... 0.0.0... 6.7 22.7 68 | 78 | 206 
Average per test ............. — 8 | | + 1.6 + 1.1 
4 5 4 19 
A 149 529 719 
85 17 0 184 
8.1 | 132 529 | 535 
Average per test..... ........ —20 |+88 | +28 
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TABLE XIV. 
SAME AS TABLE XIII. 

Unaccounted for Per Cent. 0 to 5, 5 to 10 WWt0 15. | Over 15. All Tests 
Number of tests no air leak..... 6 12 9 2 29 
Per cent. above .....c..cscccss 3.8 34.5 15.0 1.3 54.6 
Per cont, DOIOW 3.6 8.1 12.5 2 24.0 
2 26.4 2.5 1.1 30.6 
Average per test............... 0 + 2.2 3 6 + 1.1 
Number of double tests ....... 3 26 17 9 55 
Per cent. above formula ....... 13.0 130.7 54.1 29.3 217.1 
Per cent. below formula....... 0 108.1 81.4 25.5 215.0 
ace 13.0 22.6 27.3 38 2.1 
HOT 4. + .8 — 1.6 + .4 0 

TABLE XV. 
AIR SUPPLY ON DIFFERENT TYPES OF FURNACE. 
GRATE Ordinary. Stokers. Coal-dust All. 
Pounds gas per 1,000 B. T. 

U. in no air leak tests! 

or with gas measured at; 

Re ere 40 23 2 18 1 84 
Average per test......... 1.54 1.55 | 1.35 1.22 1.70 1.47 

TABLE XVI. 


Ar Supp.Ly AT DIFFERENT RATES OF COMBUSTION. 


| 
0 to 15. 15 to 25. 
| 


inds Coal per Square Foot of 
Grate per Hour. 


‘Sumber of tests with no air 


leak or gas measured at 

(ras per 1,000 B. T. U...... 22.07 47.538 
\verage per test........ 1.84 1.49 


51 


Miscel- 
laneous 


| | 
35 and 


25 to “Over {Coal Dust All Tests. 


16 5 18 1 84 
23.78) 6.52 21.98 | 1.78 | 123.58 
1.22 | 1.% 1.47 


1.49 1.30 
| 


| 
| | | 
4 
‘ 
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TABLE XVII. 


AIR SUPPLY WITH DIFFERENT KINDS OF COAL. 


| 


| | Scotch | 


Coan: Coke. | Welsh.| | Rubr.| 2= and | Brown.|,Miscel-| 
= Yorks Mneous 
| | p= | | 
= | 
Number of tests) 
(no air leak or} | | | 
gas measured at | 
| | 9 | | @ 4 9 | 24 84 
Pounds gas_ per 
1,000 B. T. U..| 3.05 | 12.99) 18.7 | 9.53 | 30.16, 6.85 3.9¢) 338.73,125.38 
Average.........| 1.55 1.62, 1.52) 1.36 1.44 1.71 1.51) 1.41) 1.47 


DISCUSSION. 


Mr. William Kent.—V¥f any other student of the subject of boilers 
had taken these 100 tests and tabulated them as Mr. Hale has 
done, and studied them throughout, I think he would probably 
reach the conclusion which Mr. Hale has practically reached, but 
which he does not exactly state in words, namely, that the study 
of 100 tests of different coal and different boilers, made by different 
people under all sorts of conditions, will not enable us to say what 
are the laws that govern the results of these tests. I think that 
conclusion is about what Mr. Hale has got, and it would appear 
therefore that the whole study is love’s labor lost. 

1. The definitions of three kinds of efficiency, credited to Hud- 
son, seem to be applicable strictly only to internally fired boilers 
of the marine or locomotive type. In externally fired boilers the 
radiation loss is of two kinds. (a) That which passes through the 
brick walls and never enters the boiler; (4) that whieh is 
radiated from the steam space in the boiler through the metal 
and its outer covering. For such boilers a revision of the defini- 
tion seems necessary. 

2. The author takes the efficiency of combustion as the sum of 
the heat utilized in making steam and the loss of heat in the chim- 
ney gases, neglecting radiation. It does not seem right that this 
should be neglected. Where it is not known it would seem bette: 
to assume it at 2 per cent. or 3 per cent. than to assume that it does 
not exist at all. 

3. The author says that “the higher the rate of combustion tl. 


i 
| | | | 
4 
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less the unaccounted for loss up to the limit of 35 pounds per square 
foot of grate per hour. The high loss above this limit is probably 
due to particles of coal carried wp the chimney by the strong 
draft.” I see no reason for believing that the increase of 4 per 
cent. in the loss unaccounted for can be thus explained. It is due, 
no doubt, to the fact that all the tests above the limit of 35 pounds 
were of brown coal, except one. In that one the rate of driving 
was the highest in the whole list, test No. 4, Thorneyeroft boiler, 
66.8 pounds per square foot of grate per hour, but the unac- 
counted for loss is put down as only 2.3 to 3.9 percent. The 
only conclusion that 1 can draw from Tables IT., IIT, and IV. is 
that the loss unaccounted for is independent of the rate of com- 
bustion or of the rate of driving of the boiler. 

4. From Tables V., VI. and VIL, I would draw the conclusion 
that there is no relation between the loss unaccounted for and the 
pounds of gas per 1,000 B. T. U. generated. 

5. From Table VIII. I would draw the conclusion that the loss 
unaccounted for is practically independent of the method of firing, 
except that the down-draft furnace appears to greatly decrease 
this loss, if four tests are enough to judge from. 

6. From Table LX. I would draw the conclusion that there must 
be some mistake in the reported results of the test with anthra- 
cite coal, No. 80, either in the reported evaporation, in the re- 
ported heating value of the coal, or in the gas analysis from which 
the reported loss of heat in the chimney gases is computed. That 
the loss of heat in the gases could be only 10.2 per cent., and at 
the same time the unaccounted for loss could be 15.4 per cent., is 
evidence of some error. In the same table the loss unaccounted 
for in the brown-coal tests is given as averaging 10.9 per cent., but 
if we omit the dust-firing tests with this coal, in which the con- 
ditions of combustion are very different from those with other 
methods of firing, we find that the loss unaccounted for ranges 
from 12.0 to 16.4 per cent., averaging 13.6 per cent. in six tests. 
The loss unaccounted for is therefore very much greater with the 
vrown coals, dust-firing tests excepted, than with any other coals. 

t. The author says: “The horizontal return tubular boilers 
appear, all things considered, to be the type of boiler for best 
cconomy of steam production.” I can find nothing in the paper 
vhich supports this conclusion. The figures of the heat balance 
‘1 Table I. and those of the loss unaccounted for in Table X. do 
ot appear to support it. It is not to be expected that any satis- 
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factory conclusion can be drawn on this point from such a hetero- 
geneous lot of tests as those given in the paper, with boilers of all 
sorts of proportions, tested at different places, with different fuels 
and furnaces, and with different rates of driving. It is especially 
difficult to draw conclusions when we have no means of knowing 
whether the heating values of the coal or the gas analyses are ac- 
curate. This same criticism applies with equal force to nearly all 
the conclusions drawn in the paper. 

8. The author says that the “ hydrocarbon gases in the flue are 
the loss to which we can ascribe this 7 per cent.” unaccounted 
for. The tables show numerous instances in which there appears 
to have been an abundant supply of air and no CO in the chim- 
ney gases. It is difficult to believe that in all these cases, espe- 
cially with semi-bituminous coals, there can be any great amount of 
hydrocarbon gases unburned, yet we find some cases in which 
with these coals the unaccounted for loss is over 7 per cent. ‘Test 
No. 4, made by Mr. Hale himself, is one of these. With Poca- 
hontas coal, burned at 20 pounds per square foot per hour, with 
1.54 pounds of gas per 1,000 British thermal units generated, indi- 
cating abundant a-r supply, and with no CO in the chimney gases, 
there is an apparent loss unaccounted for of 9 per cent. 

There are two suppositions which may account for this loss un- 
accounted for (besides errors in the reported heating value of the 
coal, and errors in gas analyses, both of which are highly proba- 
ble): 1. Firing large quantities of coal at a time, resulting in 
choking the air supply, and the sudden volatilization of large 
quantities of hydrocarbon gas which escape unburned. If a long 
time elapses after such firing the coal bed burns down, and the 
gas analyses, averaged during the whole time between consecutive 
firings, will show an abundant air supply, but will not reveal the 
fact that for two or three minutes during that time the air supply 
was deficient and the hydrocarbon gases were escaping unburned. 
2. The generation of water gas from the decomposition of the 
moisture in the coal, and its escape unburned. This must neces- 
sarily take place if we have the conditions as follows: First, a 
thick bed of white-hot coke on the grates ; second, a heavy firing 
of fine coal, containing a large quantity of moisture, such as is 
found in the coals of our Western States and in the brown coals 
and lignites. The fresh coal chokes the air supply, the moisture 
suddenly evaporates while in contact with hot coke, and the re- 


action C+H,O=CO+2H takes place. This CO+2H, or water 


: 
ENS 
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gas, finding no free oxygen present, escapes unburned. In a series 
of tests with Western coals which I made three years ago, taking 
gas samples one, two, three, and four minutes after firing, I often 
found that the first sample contained as high as 7 per cent. CO, 
and no free oxygen, and the second contained 5 CO and 1 or 2 O. 
In such cases the loss unaccounted for was from 15 to 23 per cent., 
the latter being a higher figure than any of those given by Mr. 
Hale. A careful study of these tests at the time led to the con- 
clusion that the only way to account for this very high loss un- 
accounted for was the supposition that in addition to the rapid 
volatilization of the hydrocarbons in the absence of any free oxy- 
gen to burn them was the generation of water gas from the 
decomposition of the moisture in the coal, and I have as yet found 
no reason to believe that the supposition, which was original with 
myself, was not a correct one. 

The remedy for this unaccounted for loss is clearly apparent. 
1. The firing should be done so as to avoid the rapid volatilization 
of great quantities of gas and the evaporation of moisture at one 
time. 2. The gas must be brought immediately into intimate con- 
tact with very hot air. 3. There should be a fire-brick combustion 
chamber in which the complete combustion of the gas may take 
place before it is allowed to come in contact with the compara- 
tively cool surface of the boiler. If this triple remedy were gener- 
ally adopted we would not only save the unaccounted for loss, say 
10 to 20 per cent. with Western coals, but would abolish the smoke 
nuisance, “a consummation devoutly to be desired.” 

One of the chief objects of the paper is the study of the “ un- 
accounted for loss.’’ I think that the author fails to get one of 
the reasons why there is this loss. He mentions one reason—the 
hydrocarbon loss, but he seems to consider that that is the only 
loss unaccounted for. He speaks of the investigation necessary 
in regard to air supply, but he does not seem to notice at all the 
‘act that the air supply in ordinary furnaces fired with bituminous 
lack coal varies every second during the time from one firing 
to the next. If we are firing slack coal with some moisture in it, 
the air supply immediately after firing is practically nothing ; we 
have choked off all the air supply ; we have sudden volatilization 
of gases, which makes a partial plenum in the furnace, checking 
the draft, and we have distillation of water from the moist coal. 
At this instant our analysis shows no oxygen in the gases. For 
the first minute after firing bituminous coal, four shovelfuls on 
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each side the grate, I have found no oxygen in the chimney 
gases and as high as 7 per cent. carbonic oxide. If I had waited 
ten minutes before the next firing no doubt I would have an enor- 
mous supply of air. So the air supply is a thing which cannot be 
regulated at all by hand firing, except within such certain limits as 
are possible by repeated firings. It is possible with the use of 
mechanical stokers and other devices, with expert firing, to regu- 
late the air supply pretty uniformly throughout the tests, but it is 
not possible with ordinary furnaces and ordinary firing, where soft 
coal is used. In a series of seventy-five tests which I made about 
three years ago I found the unaccounted for loss to range from 4 
per cent. to 23 per cent. The ordinary way of accounting for it, 
namely, the distillation of hydrocarbons, would not account for 
the higher figure at all. So I framed a new theory which I sub- 
mit to Mr. Hale for his consideration. It is that this very serious 
loss occurs with moist coal. When we fire on a bed of whitc-hot 
coke several shovelfuls of bituminous coal, high in moisture, we 
have all the conditions necessary for making water gas. Illinois 
coal oftentimes contains 14 per cent. of water. That water is 
almost immediately vaporized. An analysis of the chimney gases 
taken at this time shows no free oxygen. The water is decom- 
posed, making water gas, carbonic oxide and hydrogen, by the 
reaction C+ H,O=CO+2H. We are turning the furnace into a 
hydrogen producer. And since there is no oxygen to burn that 
hydrogen, it, together with the carbonic oxide, escapes uncon- 
sumed, and that accounts for the great loss. That loss happens 
. during the first half minute or minute after firing, and then ceases. 
That loss, together with the loss due to the great volatilization of 
the extremely volatile matter of these Western coals, will account 
probably for this loss, even to the 25 per cent. The high figures 
of loss unaccounted for occur when the coals contain a great quan 
tity of very easily volatilized matter together with a great deal o! 
moisture. 

Mr. Hale speaks on page 779 of the phenomenon of dissocia- 
tion. I think there are no experiments on boilers in which it has 
been shown that such phenomenon occurs at all. If it did occur 
the gases thns dissodiated would combine either at the bridge 
wall or beyond, so we would lose nothing. I think there is no 
evidence that such dissociation takes place. 

On the last page the author says: “The results show thet 
present knowledge enables the boiler efticiency to be predicted 


BOILER AND FURNACE EFFICIENCY. 799 


reasonably well, provided the efficiency of combustion and the air 
supply are accurately known.” ‘That is, we can predict with 
reasonable certainty the efficiency of a boiler provided we know 

things which are impossible to be known. He says further : “‘ The 

‘ate of burning per square foot of grate affects the air supply.” I 

don’t know where he gets that idea. The rate of burning does 

not affect the air supply, although the air supply does affect the 

rate of burning. We can burn a hundred pounds per hour and get 

the same percentage excess of air supply per square foot of grate 

that we can with any other rate of burning. The excess air per- 

centage is simply a question of the thickness of the fire and the 

mechanical character of the coal, as to how it obstructs the fire, 

and of the relation of these factors to the draft. If we put draft 

enough on a thick bed of fire you can get a tremendous access of 

air, or, with not draft enough, a deficiency of air. 

Mr. Hale says: ‘‘ The most pressing need, therefore, in the study 
of boiler efficiency is the further determination of the factors that 
govern the efficiency of combustion and the air supply.” The 
efficiency of combustion is secured by intimate mixture of hot air 
with the gases that proceed from the coal at the proper time and 
in the proper place, surrounded by firebrick, and that is aeccom- 
plished in certain ways by the down draft of the furnace, by cer- 
tain kinds of automatic strokers, by certain kinds of furnaces and 
methods of firing, all of which Mr. Hale does not go into. I agree 
with him entirely that a few more accurate tests, in which all the 
quantities, such as thickness of fires, gas analysis, ete., are ob- 
served, are, for the purpose of increasing our knowledge of boiler 
efficiency, worth these hundred tests in which part of those things 
ire mentioned. 

Colonel Meier.—There is so much matter in this paper which 
as evidently been very carefully collected that I would not like to 
(tempt a criticism of the whole of it. I can only take up a few 
oints which appeal to me directly. For instance, in the general 
mparison between the types of boilers I note that Mr. Hale 

iotes 40 tests on internally fired boilers; 33 on externally fired 
ube boilers ; only 7 on water-tube boilers, and 4 on Thorneyeroft. 

think the number of tests on water-tube boilers and on the 
‘Thorneyeroft, compared with the total number, is altogether too 
‘all to draw such a sweeping conclusion as he does at the end 

- his paper, where he states that horizontal tubular boilers are 

° best for economy, and then puts the Thorneycroft result as 


i 
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the best of all. Now it is easily seen that when you have only 
four tests you may have got the very best tests of those and you 
may also have the worst. In the same way, when you have only 
seven tests of the water-tube boilers you may have the worst or the 
-best. Especially in selecting tests, as Mr. Hale has done, mainly 
because they contained all the data he needed for his illustrations, 
I think that conclusion is made on too small a number of results, 
and I do not think it is fair, and it is entirely in the face of the 
general tendency in this country. In fact, we all know that water- 
tube boilers have won the field almost entirely now. And if one 
may be allowed to speak in matters in which one is particularly 
interested, I would just call attention here to the fact that he 
gives only two tests of Heine boilers, and those are foreign tests. 
I will only note one thing, that the number of heat units trans- 
mitted per square foot of heating surface is about one-half—yes, 
a little less than one-half—of our standard practice in this coun- 
try ; that therefore it does not justly represent the American Heine 
type. Furthermore, I know nothing of the particular coal. | 
would have to study into that more fully in order to criticise it ; 
for the nature of the coal is an essential fact in the problem. But 
I do state very positively that when we run at so low a rate of 
transmission of heat per square foot of heating surface as given 
there, we invariably get poor results; that we need torun about 
double as much. We have got to do double as much in quantity 
before we get those results in quality of which the boiler is capa- 
ble, and to which it is fully entitled in such a comparison. 

Mr. R. S. Hale.*—My. Kent in his discussion repeats a number 
of the conclusions that I have reached, especially the fact, which 
I originally stated on page 774, that many of the results must 
only be considered as indications to be confirmed or reversed by 
future experiment. One or two of his statements, however, 
should be briefly replied to. 

1. In regard to the definitions of the three kinds of efficiency, 
Mr. Kent's criticism to the effect that the radiation from the fur- 
nace should be considered differently from the radiation from the 
boiler walls is theoretically correct, but since even the whole radi- 
ation appears to be such a small proportion of the heat loss the 
theoretical error is unimportant. 

2. In regard to column 11 in Table L., giving the efficiency o' 
combustion, the text of the paper states that this is in error hy 


* Author's closure, under the Rules. 
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the amount of the radiation, but Mr. Kent’s suggestion, if it had 
been adopted, would have made the error even greater, since Mr, 
Kent would like me to assume radiation at 2 or 3 per cent., 
whereas, as a matter of fact, the radiation expressed as a percent- 
age is very variable, but is not much over | per cent. on an aver- 
age. Column 11 does not assume that the radiation does not 
exist, as may be seen on referring to the text. 

3. The statement on page 775 in regard to the excess of unac- 
counted for heat when the rate of combustion is above 35 pounds 
of coal per square foot of grate is not exactly contradicted by Mr. 
Kent, but he offers a further suggestion for accounting for the 
variation in results above this rate of combustion which appears 
to be also very probably correct. The essential point is that this 
particular figure is an accidental variation, and that the unac- 
counted for heat decreases as the rate of combustion and temper- 
ature of the fire increase. In his paragraphs 4, 5, and 6 Mr. Kent 
restates some of my conclusions in different words, while para- 
graph 7 merely gives in different words what I stated at the 
bottom of page 774. In paragraph 8 Mr. Kent expresses a disbe- 
lief that hydrocarbon gases can be given off from the semi-bitu- 
minous coals in sufficient quantity to cause a loss of unaccounted 
for heat of 7 per cent., although ;); per cent. by volume of some of 
these gases would be sufficient to account for this loss. In 
regard to Mr. Kent’s suggestion that water gas from the decom- 
position of the moisture in the coal may account for the unac- 
counted for loss, I may point out that the formation of water gas 
takes place when H,O in the gaseous condition is passed over red- 
lot carbon, whereas, even when moist coal is fired on top of the 
bed of red-hot coals, H,O in a solid condition is merely placed 

| contact with the red-hot carbon. This gives very slight oppor- 
tunity for the formation of water gas, since even if the H,O 
evaporates it goes upwards through the fresh coal and not down- 

yards through the red-hot coal. I may further note that if the 
formation of water gas took place in this way there would be very 
imich greater loss when moist coal was used than when dry coal 
vas used, yet as a matter of fact there is no evidence that wetting 

il before firing it reduces the efficiency by more than the loss 
of heat due to the evaporation of this moisture. Still further, I 

\y note that the gas analysis with the Orsat-apparatus furnishes 

' ready method for the detection of CO, so that if the unaccounted 
‘or loss was due to water gas, then whenever this unaccounted 
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for loss was high the amount of CO present in the gas should 
also be high, yet the tests give not the slightest indication of this 
occurring. 

Mr. Kent’s suggestions as to the methods of firing best adapted 
to avoid the unaccounted for loss may be very good, but un- 
fortunately are not accompanied by any evidence. 

In regard to Mr. Kent’s statement that the air supply cannot 
be regulated by hand firing, I can only suggest that he do some 
experimenting on this subject. In my tests I have certainly 
found it possible to regulate the air supply to a very great extent 
by my directions to the fireman. Of course it is not possible to 
keep the air supply absolutely constant with hand firing ; neither 
is it possible to do this with stokers or down-draft furnaces. 

Mr. Kent says that there are no boiler experiments which show 
that dissociation occurs. This is very natural, as to perform such 
an experiment in a boiler furnace would be rather diflicult. Le 
Chatelier’s experiments, however, which may be found reported 
in the Zeitschrift fiir Phys. Chemie in 1888, page 784, show that 
dissociation of CO, occurs at about 1,500 degrees centigrade, a 
temperature which certainly occurs in a bed of coals. Berthelot’s 
and Deville’s experiments, reported in the Comptes Leendus, show 
the same thing. It is not necessary, however, to assume that 
dissociation takes place, since undoubtedly the radiation from 
the beds of coals reduces their temperature at low rates of com- 
bustion. 

Mr. Kent says that he does not know where I got the idea that 
the rate of burning per square foot of grate affects the air supply. 
I can only refer him to the results given in the paper. It is 
undoubtedly true that the rate of combustion is not the only 
thing that affects the air supply. Probably it is the relation 
between the rate of combustion and the square root of the draft 
pressure, while it is also affected by the thickness of the fire and 
the mechanical character of the coal. 

In reply to Colonel Meier, I can only agree with him that the 
number of tests is too small to draw any absolute conclusions: 
but, as stated in the text, many of the conclusions are only to b« 
regarded as indications to be confirmed or reversed by future 
experiments. I took all the tests that I could find in Americar 
and foreign literature which give the sufficient data ; and if onl) 
two of these were on the American Heine type of boiler, I ca: 
only regret that this type has not had more thorough tests in thi 
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way necessary for a complete study of its efficiency. The 
American Heine t¥pe has had a fine commercial success, and I 
wish that Colonel Meier or his associates would furnish tests and 
data from which it might fairly be given its place among other 
boilers in regard to its economy. 
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THERE is little to interest the engineer in the early history 
of elevators. Vitruvius deseribes an elevator built by Archi- 
medes (236 B.c.), operated by man power applied to a capstan 
revolving a drum on which the hoisting ropes were wound. 
Very little advance in the art was made from that time until 
George H. Fox & Co., of Boston, built a worm-gear elevator, 
in 1850. That this vertical form of railway did not follow 
the advance of horizontal railways is of course due to lack of 
demand for that class of transportation during the early appli- 
cation of steam power. Localization of commerce has filled its 
great centres of distribution with merchants and merchandise 
to an extent which has added story upon story to our buildings, 
until primitive hoisting apparatus and stairways can no longer 


accommodate this vertical traffic. 

Means for raising freight or passengers have always been ade- 
quate to the demands of the times, and the elevator engineer 
has never hesitated for an instant to furnish greater speed, 
travel, or lifting capacity when called upon to do so. Mechani- 
cal connection with line shafting, direct-connected steam hoisting 
engines, hydraulic or electric hoisting machines operated by an 
isolated plant or from an outside source of power, are all capable 
of operating elevator cars at any desired speed or load with per- 
fect safety and comfort. 

There is, however, so much elaborate and interesting detail i) 
an elevator system, and such a variety of types, as to merit thi 
consideration of this Society, especially as there is very littl 
literature —aside, alas! from a voluminous amount of vituperous 
and unprofitable discussions —upon this subject. Let me stat 
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Mechanical Engineers, and forming part of Volume XX. of the 7ransactions. 
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at the beginning that no treatise on elevators can be written in 
the space permitted in a paper before this Society; there are too 
many radically different types to sketch more than briefly the 
salient features of the most important; and the writer trusts 
that these will interest the Society to the extent of bringing out 
more complete papers upon individual types. 

Let us consider first, briefly, what the requirements of an ele- 
vator are, and then describe the different means used to meet 
them. In order of importance they are : 

l. Safety. 

2. Reliability. 

3. Durability. 

4. Keonomy. 

5. Control. 

6. Comfort. 

Speed, load, and travel. 
8. Compactness. 


Safety. 


Let us classify this by the things which are unsafe for an ele- 
vator to do: 

1. To fall unretarded to the bottom of the hoistway. 

2. To be thrown by its counterbalance up against the top of 
the hoistway. 

3. To be stopped at too great a speed in its descent by a 
safety catch on the car which will not stop it gradually enough 
to avoid injury to the passengers, or by a safety catch stopping 
only one side of a car not built to stand a diagonal strain and 
thereby collapsing the car. 

!. To pay out hoisting rope after the car has been stopped by 
anything except its own hoisting machine, in its descent. 

5. To let the hoisting machine continue to hoist after the car 
las met the top of the hoistway, thereby breaking some con- 
nection between the hoisting machine and the car, and depend- 
ing upon the car safeties to prevent the car from falling to the 
bottom of the hoistway. 

6. To let the hoisting machine run the counterweights into 
the top of the hoistway and possibly drop them on top of the 
car. 

7. To lose control of the hoisting machine in such a way as to 
alarm the passengers to the point of jumping on or off a moy- 
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ing car and getting caught between car and hoistway door sills 
and lintels. 

These are some of the unsafe features of some elevators 
which have been in general use for the last forty years, and can 
be taken as the typical conditions for which adequate safety 
appliances are provided on all first-class elevators. There are two 
general methods used to prevent a car from falling unretarded to 
the bottom of the hoistway. One is to stop or retard the car 
before it attains undue speed, and the other allows it to fall 
unretarded till it reaches a certain distance from the bottom of 
the hoistway, where it is brought to a gradual and safe stop. 
This latter is only used in addition to and never as a substitute 
for the first method. 

A description of all the devices to stop or retard an elevator 
ear by this first method would nearly fill a year’s 7'ansac- 
tions of this Society. I will, therefore, describe only the typi- 
cal ones in general use. 

The most simple device is that operated by the breaking of 
the hoisting ropes, which, unfortunately for the utility of this 
device, is the rarest cause of a car falling. When, however, 
this does occur—and the break must be near enough to the car, 
if the hoisting machine is Jocated in the lower part of the build- 
ing, to prevent that part of the rope between the hoisting 
machine and the overhead sheave from keeping sufficient ten- 
sion where it is fastened to the car to prevent the device from 
working—the rope breaking in such a way as to relieve it of all 
tension at the car, a safety catch is thrown into action, gripping 
or locking or some support in the hoistway. 

This device is sometimes used in addition to more reliable 
means, but is not considered as at all necessary by the leading 
elevator companies. Its general design is as follows : 

The hoisting ropes are either connected to the car by a system 
of levers, which are operated by a spring to throw the safety 
catches when the ropes slack, or they are connected to the car 
by levers or sheaves, which balance the tension of the hoisting 
ropes against the tension of the counterweight ropes, allowing 
the counterweight ropes to operate the safety. 

This device is a very pretty exhibition safety. All that you 
have to do is to break the hoisting-rope connections at the car, 
and the car is instantly locked to its safety supports. It can 
also be operated by grasping the hoisting ropes from a landing 
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door above the car, drawing them towards you, and letting them 
snap back. This test always satisfies elevator inspectors that 
the elevator is perfectly safe. 

All other means used to prevent an elevator car from falling 
unretarded to the bottom of the hoistway are operated by 
acceleration of car speed, which is the only reliable means of 
operating an elevator safety. Inertia, pneumatic and hydraulic 
resistance, and centrifugal force are thus used. 
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Fig. 272. 


Inertia devices have only been tried on very slow-moving 
cars. One in the form of a sort of floating pinion held in a pocket 
on the side of the car and meshing in a rack secured to the 
hoistway, is shown in the accompanying sketch (Fig. 272). 

As the car descends the pinion revolves, as shown by the 
arrow, and under a slow speed remains in its pocket, but any 
sudden acceleration rolls it up the incline of the pocket and 
jams it in the rack. Increased friction in the rack may have as 
much to do as inertia in this operation, but it certainly does its 
work all right on very slow-speed cars. 
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Another inertia device consists in heavy pendulums attached 
to the car and oscillated by waving cams running up each side 
of the hoistway. The length of the pendulums and the curves 
of the cams being determined to synchronize with the car speed, 
no retarding effect is obtained until the speed increases, and 
then there is trouble. The noise and vibration of a car having 
nothing but this device to sustain it against the force of gravity 
can better be imagined than described. 

Pneumatic resistance is used to operate an elevator safety 
catch either by a light wood fanboard suspended below the car 
on balanced levers and filling the hoistway as much as possible, 
accelerations of car speed lifting it by pressure of the air and 
operating the safety catches, or else by a pneumatic piston 
running like a counterbalance in a closed box, the rope which 
varries it being connected to the car by a spring balance, 
causing it to operate the safety catches when the tension on 
its ropes is increased by increased air resistance due to accel- 
eration. Neither of these pueumatie devices is considered to 
be reliable. 

Hydraulic resistance to prevent an elevator car from falling 
unretarded to the bottom of the hoistway is applied simply 
as a hydraulic power pump driven by the car. It is usually 
located over the hoistway and driven by a rope from the car 
when the car descends, and reversed by the counterweight rope 
when the car ascends, having its circulating valve wide open 
during the ascent of the car. This device has all the attributes 
of perfect safety, but adds materially to the friction losses of 
the elevator and to the cost of installation and maintenance. 

We now come to the most popular device for operating an 
elevator-car safety—a centrifugal governor. This is located 
either on the car, acting directly on the safety catches, or over 
the hoistway, where it operates the safety catches on the car 
by retarding the rope which is fastened to the car and drives 
the governor. 


Having described all methods in general use for operating 
the safety catches, we will now consider the catches and their 
merits. 

The rack and pawl is only adapted to slow-speed cars and 
where they are opera‘ed by the breaking of the hoisting ropes. 
since they could never stand the impact of a car falling at any 
speed above 100 feet per minute. 
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Another form of safety catch grips the smooth steel guide 
rail with as little slip as the rack and pawl, and is equally unfit 
to be operated by a centrifugal governor or any other device on 
a high-speed car. It has, however, been used to a great extent 
under such conditions. Its general design is shown in the fol- 
lowing sketch (Fig. 273), where ( is a sharply corrugated hard- 
steel roll, and is shown gripping the steel guide rail 2 by rolling 
up the incline of its pocket in the safety block A, which is 
attached to the car. It nominally rests in the bottom of this 
pocket clear of the rail B, and is lifted up into contact by a 
tripping device. 


Rod connecting roll safety 
to governor attachment on 
top of car 
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Another form of steel-rail grip is operated by the ropes lead- 
ing from the hoisting machine, making several turns around 
drums between the top crossheads of the car, and leading up 
over sheaves and down again to the counterweight. The drums 
between the car crossheads are mounted on shafts which re- 
volve in nuts fastened to the crossheads—a right-hand nut in 
one crosshead and a left-hand nut in the other; the ends of the 
crossheads bearing on either side of the steel guide rails act as 
braking clamps to check the car speed in case the ropes break 
between the car and the hoisting machine, thereby allowing the 
counterweight to overhaul these ropes, revolve the crosshead 
drums, and screw the crossheads together against the rails. 
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The limitations of this device are its doubtful gripping pow- 
ers and the limited functions of its operating device ; it could 
not be operated by a centrifugal governor with the rope connec- 
tions here described. 

Wood guide rails form the easiest means of bringing an ele- 
vator car to a safe and gradual stop when it is descending too 
rapidly, and there are many forms of gripping devices for this 
purpose. The sharp-toothed cam is all right, provided it is not 
designed to impinge the rail to such a depth as to stop the car 
too suddenly. Other wood-rail grips either cut deep shavings 
or crush the rail as they slide. Wood rails, however, are be- 
coming less used every year, as they cost as much as a steel 


rail when they are constructed and e1°cted in a first-class man- 
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ner. Their present use is principally for cheaper grades of 
elevators and dumb-waiters. 


The best steel-rail gripping device has vise-like jaws, which are 
supposed to slide far enough along the rails to stop the car 
easily. The first form of this device brought into use, aside from 
that which screws the crossheads together as before described, 
had jaws operated by toggle joints, actuated by a right and left- 
hand threaded screw revolved by a rope controlled by a centrif- 
ugal governor, as shown in the accompanying drawing | Fig. 274). 

This device has been modified, as shown in the following 

drawing (Fig. 276), to use spring power to operate the jaws, 
instead of operating them by the governor rope direct. 
_ A car safety of this same general character, designed by the 
writer and built in four sizes, varying from 2,500 to 40,000 
pounds capacity, has stood some very satisfactory tests. Its 
construction is as follows: 
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As shown on the plan, Fig. 278, the car guide rails 44, which 
are steel tees accurately machined and highly polished by the = 
guide shoes of the car and heavily lubricated, are gripped on . 


either side by the jaws BB and LL’. These jaws are held 
on the ends of levers C’'C' and (’C", which are pivoted between 


jaw plates D and /) and guide-shoe stands (‘and (” by eccentric 


pins; the angular adjustment of these eccentric pins by means of 
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a locking lever forms a means of taking up the wear of the jaws 
by setting them nearer the rails. 

On the other end of each jaw lever are two rolls, and between 
the rolls of each pair of levers are wedges which, by forcing the 
rolls apart, force the jaws on the rails. Wedges “7 are formed 
on the ends of rods /’'/, which are tapped into springhead /’. 
Wedges GG are bolted to eye on the end of rod //, which is 
tapped into springhead //, thus using the helical spring -/ 
under compression and drawing the two pairs of wedges together 
by its extension. We have here a device that applies a definite 
pressure to the rails, is adjusted for any pressure required to 
stop the car easily, and insures exactly the same pressure on 
each rail, relieving the car of diagonal strain. 

For the benefit of any who may entertain that ancient preju- 
dice against the durability of springs, I will state that these 
particular springs, after being held closed for over a year and 
worked their full working distance over 500 times, lose 3 per 
cent. of their free length and gain from 15 to 20 per cent. in 
their resistance to compression. 

Fig. 279, the side elevation of this safety, shows the action of 
the centrifugal governor in releasing the spring and operating 
the wedges. The weights AA, pivoted on pins LL, are held 
against centrifugal force by a torsional spring wound on the 
governor sleeve and acting on the weights through the collar J/ 
and links VV, which keep the two weights at equal distance 
from the centre of the spindle. Tripping speed adjustment is 
obtained by regulating the torsional resistance of this spring by 
turning the split clamping collar O, to which one end of the 
spring is secured. 

In hoisting, the governor weights may hit the trigger P with- 
out tripping it, but as centrifugal force increases their radius of 
rotation in lowering, until they reach the trigger, the first 
weight that touches it knocks it off at the first blow. The 
Pickering governor is very generally used to trip elevator 
safeties, but the writer’s experience with it discovered that it 
sometimes tripped the safety when the car was being hoisted, 
and had a way of gently tapping the trigger almost off as the car 
descended, so that it would jar off at some unexpected moment 
when it was not wanted to do so. 

The governor shown in Fig. 279 is revolved by the rope 4, 
which is secured to the top of the hoistway and leads to th: 
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governor pulley over the idle sheave 7, and is kept under proper 
tension by a weight at the lower end of it. 

Means for releasing the safety from imside of the car is ob- 
tained by a screw acting on the toggles UU and 0” U, by means 
of the nut Vo and links WU This enables the operator to 
put his elevator in operation again without delay if the safety 
was only sprung by undue speed of the hoisting machine, or 
lower the car to the next landing and let the passengers out if 
any accident has happened to the hcisting apparatus. So great 
is the confidence of the men who install these safeties that they 
have been known to run the car from top to bottom of a high 
building, regulating its speed entirely by the safety jaws, with- 
out a rope on the car. 

This, however, is depending too much on the personal ele- 
ment, as the downward plunge of an elevator car, with nothing 
but free air to check it, is sufficiently trying to some men’s 
nerves to make them forget for a few seconds what to do with 
that little screw which is holding the safety off. If they let go 
of it, its pitch is steep enough to spin it out of its nut, but the 
natural instinct at such times is to hang on to everything rather 
than let go of anything. The writer does not believe in making 
it possible to release the safety from the inside of the ear, but 
there are others who insist upon it, and the insurance companies 
do not object. 

We now come to that form cf elevator safety that allows the 
ear to fall unretarded till it reaches a certain distanee from the 
bottom of the hoistway, where it is brought to a gradual and 
safe stop. But this, as before stated, is used only in addition 
to, and never as a substitute for, any of the safeties already 
described. 

There is but one form of this device worthy of consideration ; 
that is the air cushion formed by the lower part of the hoistway. 
The value of this device was first discovered by Mr. Albert 
Betteley, of the firm of Williams Adams & Co., of Boston, in 
1857, when one of his elevators in the State Street Bloek in 
Boston fell to the bottom, loaded with boxes of sugar, and no 
injury occurred to the boxes. As the car had fallen from a con 
siderable height with nothing apparent to cheek its speed, Mr. 
Betteley was led to look for some unusual cause for this suc- 
cessful fall, and discovered it in the comparatively air-tight con- 
struction of the bottom of the hoistway. 
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Until recent years, before buildings exceeded six or cight 
stories in height, these air cushions were usually made by con- 
structing a strong pit below the lower landing of the car, about 
ten feet deep, with a variable clearance around the car platform 
at the top and as little clearance as possible at the bottom. 
This pit room below the lower floor is not absolutely necessary, 
as the following view, Fig. 280, of an Ellithorpe air cushion 
shows: 

This device cannot be described as other than the Ellithorpe 
air cushion, for, although Mr. Ellithorpe did not fundamen- 
tally invent it, he was the first to drop voluntarily into one, over 
twenty years ago, and he has been doing it every year ever 
since, and he has so covered it with detail patents of his own 
invention that it is certainly his own device, morally, physically, 
mentally, and, we hope, to his profit financially. . 

It is highly probable that the Ellithorpe air cushion will be 
specified in the building laws of all cities for elevators carrying 
passengers. 

As a modern installation of this device I cannot do better 
than to quote from the Jron Age of August 4, 1898, and repro- 
duce the illustrations printed in that article : 

“Even with all the experience and skill which have been 
devoted to the study of elevator safety appliances, with the best 
material and workmanship, with the most rigorous and con- 
tinuous systems of inspection, and with competent persons in 
charge, yet passenger elevators sometimes fall and cause more 
or less serious accidents. The manufacturer of elevators uses 
the best and most efficient safety devices he can obtain to con- 
trol the movement of the car and to surely arrest it if a certain 
speed should be exceeded. The very nature of his business 
compels him to do this, because the result is financial embar- 
rassment to him if his elevators drop occasionally. This applies 
with equal force to owners of buildings, who would have difti- 
culty in securing tenants if the elevator apparatus were sus- 
pected of being dangerous. Many even go beyond the purely 
mechanical device and introduce a pneumatic arrangement as 
a last resort—only to be brought into action when all else 
fails. 

“The air cushion, loeated at the bottom of an elevator shaft, 
possesses peculiar inherent advantages which cannot be gain- 
said. First and most essential, it is always ready instantly to 


seh 


ELEVATORS. 


WPRESSED 


VENT. 


| | 
\ Ny 
| 
| 
| | 
| | 
Ir \ 
| 
AIR ORPE) wil |. 
| | | | 
Fie. 280, 


VATORS., 


LE 
UCTION OF VALVE 


“4 


k 


3dv2S3 


s1iy 
10. 
\ T | | 
| 
| | 
| : 
| 
| | 
| | 
| | 
| 
| | 
| 
| 
| | 
| | 
| 
{ | 
| 
| | | 
| 
| | | 
gj 
| 
— | | 
— | | 4 
Mic. 281. 


S20) ELEVATORS. 
perfor is work and to do it successfully under all conditions. 
Of itself it cannot get out of order, since practically it is only a 
hole into which something may drop sometime. Whether the 
ear droppe'l one or twenty stories its movement would cease, 
not suddenly, but gradually and without shock. The first cost 
of the air cushion is small and the outlay for its maintenance 
nil, It oceupies space not otherwise valuable. All things con- 
sidered, it is difficult to understand why it is not more widely 
employed. 

‘One of the most extensive and elaborate applications of the 
elevator air cushion is to be found in the Empire Building, at 
sroadway and Rector Street, New York, designed by Kimball 
& Thompson, Manhattan Life Building, New York. The ele- 
vators were installed by Otis Brothers & Co., New York, and 
the air cushions were designed by F. T. Ellithorpe, 136 Liberty 
Street, New York. 

“The building is a twenty-story office building, recently com- 
pleted and provided with all the most modern appliances and 
conveniences. There are ten elevators, of the high-speed 
hydraulic type, arranged in two groups of five each, one group 
being shown in sectional plan Fig. 282. While nine of the ele- 
vators are distinctly for passenger service, one is more powerful 
and is capable of lifting safes weighing 8,000 pounds. Each 
shaft is entirely independent from the floor of the third story 
to the bottom and is inclosed by walls which are not perforated 
except by the door openings. This forms the air cushion 
proper, which, as indicated in Fig. 251, is about 50 feet in depth. 
The doors of the main floor, Fig. 283, and of the second floor are 
in two parts which slide in recesses in the wall. They are of 
bronze and of ample strength to resist the air pressure that 
would come upon them if a car should fall. The usual open 
ironwork is entirely absent on these two floors, solid masonry 
replacing it. The cars have also been strengthened with the 
view of resisting this pressure. By consulting Fig. 281 it will be 
noticed that the shaft walls are battered for a short distance 
below the third-story floor. This provides a graduated air 
escape and adapts the eushion to any fall which the car may 
make. The car fits more closely in the lower portion of the 
shaft, the walls of which are vertical. It has been estimated 
that the air cushion should be in proportion of 1 to 6 of the 
travel; in the present instance the cushion is 50 feet and the 
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travel 287 feet. In the bottom of each shaft is a suction valve 
which opens inwardly as the car ascends, thus preventing the 
vacuum which would result from the car leaving the cushion. 
There is also an Ellithorpe improved escape valve, Fig. 284, which 
opens outwardly into the atmosphere. It is so adjusted as to 
sustain the weight of a car under ordinary conditions, but will, 
in case of accident, relieve the cushion of undue pressure when 
the car falls. It has been calculated that the pressure in the 
air cushion if a car should fall from the top would be 35 pounds 
to the square inch. 

“On July 18 a ear weighing 2,000 pounds was dropped from 
the twentieth story. The efficiency of the cushion was shown 
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by the fact that the eggs and incandescent lamps carried upon 
the floor of the car were uninjured.” 

Any subsequent fall should be like the first, as there are no 
joints, packing, or automatic devices to be relied upon to assure 
‘he reliability of this device, the car has inches of clearance in its 
lash-pot action, the air pressure varies with the velocity of the 
ar. and the velocity of the car varies but little with the load. The 
rst or experimental drop in the air cushion will be exactly like 
very other drop the car may make into it, and nothing but un- 

\‘itigated vandalism could render it inoperative. 

From an elevator builder’s point of view I have given too 

uch attention in this paper to the subject of elevator-car safe- 

's, and this is due to the purely commercial ccnsideration that 

ue safety is as good as another and no preference given to the 
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bidder having the best one. Accidents are in fact so rare in 
proportion to the number of elevators in operation that there is 
really cause for this indifference, which has been largely respon- 
sible for the general inefficiency of some of the cheaper forms of 
safeties. 

A striking exhibition of this indifference is the cool way in 
which engineers of buildings tie up their car safeties after they 
have had to release them when they have been accidentally 
operated, and calmly let the cars continue to run indefinitely 
without them. 

Within the last few years, however, a demand has been cre- 
ated for a reliable safety, and this, as with any other reasonable 
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demand ever made upon a mechanical engineer, has been 
promptly supplied; if the demand had been made before, it 
would have been as promptly and as well supplied as it was 
later. High buildings, greater speed, and more elaborate hoist- 
ing apparatus called for a better safety, which was made as soon 
as it was wanted. 

In the beginning of this paper I classified some of the salient 
features of elevators, but have only thus far dealt with the one 
subdivision of “Safety,” which involves the car alone. As the 
balance deals entirely with the hoisting apparatus and is too 
much involved to treat in the same specific manner, I will en- 
deavor to describe in order of their evolution the various types 
which have been in general use. 
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The generic trade classifications of these types are Drum, 
Hydraulic, and Screw. “ Drum” implies all hoisting machines 
in which the ropes or chains leading from the car are fastened 
to and wound upon a dram. “ Hydraulic” includes cylinders 
having their pistons connected to the car by ropes, or acting 
direct on the car, when they are called plunger elevators. 
“Screw” is the trade name for hoisting machines transmitting 
motion to the car by means of a nut and screw. 

Drum elevators are the earliest, the most universal, and the 
most simple form of elevator ever built. The drums were first 
driven by worm gears, in the first instance for safety and smooth 
motion only, but the low efficiency of the early forms of worm 
gears caused some makers to use a spurgear drive, which is 
more expensive if well built and never as safe or as smooth run- 
ning as the worm gear. Modern improvements in worm gearing 
have raised its efficiency from 30 per cent. to over 80 per cent. 
in elevator gearing, and, although it can be built for less cost 
than spur gears and is equally as efficient, there are some con- 
cerns still making spur-gear elevators. 

The drum elevator is especially convenient to overbalance, 
and can be placed in the top of the hoistway with one face of 
the drum plumb over the centre of the car, and the other face 
over the counterbalance, the car ropes fastened at one end of 
the drum grooves and the counterbalance ropes at the other end 
of the sam* grooves, the car ropes occupying the entire surface 
of the drum when the ear is up, and the counterb:lance ropes 
following alongside of them occupying the entire drum surface 
when the ear is down. The counterbalance is made to balance 
the car with its average load, in which case the elevator has no 
gravity work to perform, and makes the most economical type 
of hoisting apparatus. 

This arrangement, however, of placing the machine in the top 
of the hoistway is peculiarly adapted to electric elevators, 
wien the power is easily conveyed by electric conductors to the 
motor, and was not always practicable with belt-driven eleva- 
tors, and seldom used with steam hoisting envines. But whether 
placed in the top, bottom, or remote from the hoistway, the 
drum machine is most always overbalanced; even if it takes a 
dozen sheaves to do it, the saving in gravity work compensates 
for all friction and first cost so incurred. 


There is but one radical objection to a drum elevator, and 
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that is the lack of absolute means of stopping its hoisting power 
when the car or counterbalance gets to the top of the hoistway. 
There is not one drum elevator — and by this I do not include the 
friction-drive cab'e-drum type, which is not in general use, un- 
fortunately —that is not liable to run its car or counterbalance 
into the top of the hoistway and cause an accident. Automatic 
devices are operated by both car and hoisting machine to shut 
off the power and apply the brake at the limits of the car’s 
travel, but they are all adjustable, removable, and breakable, 
and nothing bat the eternal vigilance of the personal element 
can assure their proper action. This is not the case with 
the hydraulic or screw elevators, as the car travel in both of 
these types is limited by the travel of the piston or the nut, 
independent of shutting off the power. Neither is it the case 
with a friction cable drum drive, which is simply a vertical 
eable railroad with an elevator car on one end of the ropes and 
its counterbalance on the other, for dumb-waiters only a single 
bight of the rope over the driving sheave giving sufficient fric- 
tion ; and for general elevator work, two driving drums geared 
together, or one driving and one idler drum with shafts at 
proper angles to each other to get as many driving turns as 
may be required. Gravity tension at each end of the ropes 
supplies the friction of the cable-road tension sheave, and 
buffers being provided for the car and tke counterbalance, to be 
stopped at the bottom before either one reaches the top of the 
hoistway, the hoisting effort is positively arrested by the slack- 
ing of the ropes on the driving drums the moment either car or 
counterbalance arrive at the bottom. 

This same function also prevents the paying out of slack 
cable when the car is stopped in its descent by other cause than 
its hoisting machine. In some types of drum elevators, delicate 
or crude and unreliable devices are used to stop the hoisting 
machine by the action of the ropes when slacked by the car 
being so stopped. The writer has used the action of the car 
safety on drum elevators electrically controlled, to stop this 
paying out of slack cable, the safety being the usual cause of 
slacking the car ropes, and is the most reliable means of operat- 
ing a slack cable device. Hydraulic elevators, and the screw 
elevator invented by the writer, depend upon the tension of the 
hoisting ropes to maintain their motion during the descent of 
the car, and thus normally avoid this slack-cable trouble. 
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The form of worm gearing to be used on drum elevators 
involves the following contlicting considerations : 

Efficient angle of worm increases cost and diameter of worm 
wheel or the cost and size of electric motor, difficulties of elee- 
tric control, and the danger of running down at too high speed. 
Hindley worm gears are more durable and eflicient than any other 
style, but they require more elaborate tools to make them and 
more accurate alignment to run them, and their durability and 
efficiency in actual practice do not seem to exceed that of other 
styles enough to compensate for the extra trouble that they 
involve. Their direct cost of manufacture does not exceed that 
of other forms of worm gears, and their alignment can be sue- 
cessfully accomplished with proper tools, and maintained by 
proper bearings. As they can transmit more power than any 
other worm gears of equal size, their use could properly be con- 
fined to hoisting machines requiring great capacity in a small 
space. 

The interlocking right- and left-hand worm gears, taking up 
their own thrust, were better than a single worm and gear until 
ball or roller thrust bearings were perfected as they are to-day. 
Now, with a roller thrust having less friction loss than a worm 
and gear, the efficiency of this double-worm gearing cannot be 
as great as a single-worm gear with roller thrust, provided the 
single-worm gear Is not overloaded. 

The writer was the first to design and use right- and left-hand 
Hindley worm gears, interlocked by spur gears bolted to them, 
as the Hindley gear teeth are straight like the thread of the 
worm, their only curve being to conform to the helical surface 
of the worm, and therefore cannot mesh together. All other 
forms of double-worm gearing mesh the worm gears together ; 
their angularity being reversed as the worms coincide where 
they mesh together like spiral gears, some using unfinished 
cast teeth and others regular involute teeth cut straight across 
at the proper angle, with faces wide enough to admit a small- 
diameter hob cutting a surface for the worm in the centre of 
the faces and leaving enough for spur-gear drive at the ends. 

To make a perfect job, these teeth should first be cut by a 
spiral gear eutter, but IT do not know of any so made, and, like 
the Hindley gear, it might be an ultra-refinement for commercial 
use. However, as in all other problems in mechanics, we know 
what is best long before we obtain it. 


| 
7 
5 
? 
3 


ELEVATORS, 


The double Hindley geared elevators referred to are clearly 
shown in the following drawings, Figs. 286 and 287. 

They certainly appeal to mechanical engineers, and such 
plants as the Siegel-Cooper store in New York City and the 
Central London Railway in London have selected this type on 
account of its superior durability ; the last-named plant using 
49 of these elevators, operating cars having floor areas of from 
117 to 256 square feet each, averaging 13 tons total load on the 
ropes for each ear. 

As before stated, there are some objections to an efficient 
angle of worm, some of them being due to commercial limiia- 
tions of electric motors. We may as well recognize the fact that 
for the future no other form of power need be considered for 
this type of elevator; probably 90 per cent. of them are now 
being built electric. 

The conditious limiting the angle of the worm are the diam- 
eter of the gear, the speed of the motor, and the ability of cou- 
trolling the speed of a car that can easily drive the worm gear. 

The diameter of the gear is limited by the diameter of the 
drum, and the diameter of the drum is limited by the range of 
work intended for the particular machine, which i general 
practice does not exceed 36 inches for the smallest drums used 
for the heaviest loads that the machine has power to handle ; 
the lighter loads requiring higher speeds are operated by 
drums of larger diameter. Another important limitation to the 
diameter of the gear is the cost of the gear itself and of all 
parts of the machine that would be increased in proportion. 
Such a gear would in turn limit the variation of drum diame. 
ters, as drums smaller than the gear require extra idler sheaves 
to lead the ropes up between car and hoistway when the ma- 
chine abuts against the hoistway wall. 

The gear for the average drum elevator is therefore practi- 
rally limited to a diameter that will, with its gear case, not 
extend beyond the flanges of a 36-inch Crum; such gears 
are about 30 inches in diameter. Having determined this, 
we can now consider what angle of worm can be obtained at the 
required car speeds and limitation of motor speeds. The duty 
on drum elevators ranges from 2,000 pounds at 300 feet per 
minute to 6,000 pounds at 100 feet per minute, varied by drums 
from 36 to 60 inches diameter, and motor speeds from 470 
revolutions per minute to 1,000 revolutions per minute. This 


829 


YV3ID WHOM \ 
2-AdAL 


ELEVATORS, 


= 


alt > 
Om 
Tr > 
| 
es 
| 
att | zt 
; 4 if | 
| 
| 
4», || 
“et 
| 
= 


830 ELEVATORS. 


of course, covers differences in worm-gear reduction arbitrarily 
determined by the designer. 

Assuming 470 revolutions per minute as the lowest motor 
speed consistent with the cost of a motor of the required horse- 
power, the cost being in inverse ratio to its speed, we get a 
reduction of 46 to 1 to obtiin 100 feet per minute on a 36-inch 
drum, 24 to 1 for 300 feet per minute on a 60-inch drum ; and a 
reduction which the writer has found to be very successful is 
29.5 to 1 for 200 feet per minute on a 48-inch drum. This latter is 
that shown in the Hindley gears in Figs. 281 and 282, and has an 
angle of 12 degrees, using a double-threaded worm and 59 teeth 
in the gear. Seventy per cent. efficiency has been obtained 
with this gear from current delivered to motor to work done at 
ear, giving the gear over 80 per cent. efficiency. One elevator 
with this gear is being run as what we call a gravity machine ; 
i.e., the car is under-balanced and drives the motor connected 
up as a dynamo in its descent, starting promptly as soon as the 
brake is released. While it has been considered dangerous by 
most elevator builders to use a gear that the car can drive, the 
writer has no reason to doubt the safety of this hoisting ma- 
chine, which has a brake of ample capacity, applied by a spring 
and released by a magnet, which lets go and applies the brake 
whenever the electric current is broken, either by an overload 
or by a switch operated by a centrifugal governor when the 
speed exceeds that which it is regulated for. 

While this particular instance obtains an efficient angle of 
worm, the same conditions do not always exist in drum eleva- 
tors. In the first place this high efficiency is in part due to the 
Hindley gear; and, secondly, the low motor speed is commer- 
cially due to the horse-power of the motor, which is the 
greatest that is used on drum elevators, speeds of 800 revolu 
tions per minute being more often used than 470 revolutions per 
minute ; for these car speeds and gear diameter reduce this 
angle considerably, but not in the same ratio as the revolutions 
per minute reduction, because with the reduction of load on the 
worm its diameter can be reduced and a greater angle main- 
tained, usually between 8 and 9 degrees, and an efficiency of 
about 70 per cent. 


Recent data on worm gearing indicate 45 degrees as the 
angle of maximum efficiency, and a curve plotted from the data 
obtained rises abruptly to about 15 degrees and then flattens 
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out to 45 degrees, which gives these elevator gears a low 
rating. 

The angles here given of 8 and 9 degrees are those generally 
used in the best elevators on the market; there are many others 
in use where the angles are less than 6 degrees, and the total 
output of such elevators is not over 30 per cent. of the current 
used. 

Chronologically the hydraulic elevator follows the drum type, 
but antedates by many years the electric drum elevator. 

The simplest form of hydraulic elevator is that called the 
plunger type, which consists of a ram working in a vertical 
cylinder with stuffing box at the upper end. While this has 
been exploited for high rises in a telescopic form, its practical 
use is for sidewalk elevators, or elevators where the car is only 
a platform rising to a floor which permits of no continuation of 
the guide rails or car frame, in which case the stability of the 
ram holds the car platform level under unbalanced loading. Such 
elevators seldom rising over 30 fect, no telescopic arrangement 
is necessary, and the cylinder can be bored its full length into 
the ground to allow the platform to descend to the lower floor. 

There is but one other class of hydraulic elevator, aside from 
those which were unsuccessful experiments, or which are now 
being experimented with, and this is built with either a vertical 
or horizontal cylinder as is best suited to the building; the 
vertical cylinder, being the better type, is always used where it 
can be installed. The following views, Figs. 288 and 289, illus- 
trate the construction of this elevator very clearly. 

The motion of the piston is controlled by the exhaust port, 
the pressure being always on top of the piston; raising the 
piston valve opens the exhaust and leaves pressure on the top 
of the piston only ; lowering the valve admits pressure on both 
sides of piston, and the load raising it circulates the water from 
top to bottom of cylinder through pressure and exhaust ports. 
The piston valve, as here shown, closes the exhaust port from 
both pressure and discharge connections, holding the piston 
between a closed port on one side and the pressure on the 
other. The main piston partly cuts off the ports at each end of 
the cylinder, to check its speed before striking the cylinder 
heads in case the piston valve should fail to work. This piston 
valve is controlled from the car either by a shipper rope direct; 
a shipper rope connected to a pilot valve, which in turn operates 
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the piston valve ; or a travelling shipper rope, operated by a lever 
in the car, as shown in Fig. 288, is connected to a pilot valve 
operating the main piston valve. To stop the car at the limits 
of its travel a shipper device attached to some part, moving 
with the main piston, closes the piston valve at the proper 
point of the ear travel. 

The object of maintaining a circulation of water from top to 
bottom of piston through the pressure pipe and valves is to 
balance the atmospheric head of water and leave the effective 
pressure on the piston the same during all parts of its travel, 
which can be done up to 30 feet piston travel. 

This is not needed in horizontal cylinders, and they therefore 
have water on one side of piston only, using the same port for 
pressure and discharge, and a drip pipe on the other side of 
the piston. 

There are two general types of these horizontal cylinders, 
one having tension and the other compression piston rods. 
The tension rods, being on the water side, require stuffing boxes, 
while the compression rods, usually in the form of one or two 
large wrought-iron pipes, are on the open end of the cylinder 
and require no packing. 

These cylinders are usually of large diameter, shorter and 
higher geared than the vertical type. By higher gear I mean 
a larger number of multiplying sheaves, which in horizontal 
machines usually multiply the piston travel by 10, giving 10 
feet car travel for every foot of piston travel. 

The advantage of the vertical cylinder over the horizontal is 
in the counterbalancing effect of the piston and parts moving 
with it upon the ear, which, being carried on a solid column of 
water, do not tend to teeter the car as a free counterbalance 
does when the car is stopped in its ascent and the momentum 
of the free counterbalance raises the car after the hoisting 
power has been cut off. Such counterbalances easily raise a 
ear, having a speed of 500 feet per minute, 6 feet beyond the 
point when the hoisting power cuts off, and of course let the 
var fall back that distance and teeter (to use an elevator term) 


several feet up and down before coming to rest. This is only 
avoided by fine valve adjustment and taking plenty of distance 
to stop in. 

Another cause of teeter is the whip of the ropes on horizontal 


machines, which is not common to the vertical; this is greater 
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in the compression than in the tension piston rods, as the ropes 
on the former pass around the cylinder from the multiplying 
sheaves anchored at the water end to the travelling sheaves at 
the other end, or nearly double the distance of the tension 
piston-rod type, where the travelling sheaves meet the anchored 
sheaves at one end of their travel. 

We must pass over valve design and construction as matter 
involving too much detail for the scope of this paper: enough 
to say that no branch of hydraulic machinery has developed the 
variety of ingenious devices employed in controlling hydraulic 
elevators, and by no other means can an elevator car be better 
handled. 

To avoid transmitting pump pulsations to the car, and also for 
storing power to use after the pump is stopped, gravity tanks, 
pressure tanks, gravity-pressure tanks, and accumulators are 
used. 

The gravity tanks which used to decorate the roofs of build- 
ings are seldom used now; the pressure tank in the engine 
room, as shown in Fig. 290, came next, accumulating air pressure 
over the water line for any amount required, air being mixed 
with the supply by a valve to maintain the proper water level. 
Placing this tank on the roof as a gravity-pressure tank per- 
mitted the air from the cylinder to escape more readily and gave 
greater storage of power by using gravity pressure for light loads 
as the air pressure reduced. 

Accumulators are chiefly used with high-pressure plants, but 
pressures over 250 pounds per square inch are not often used. 

For pumping water into these tanks all kinds of pumps are 
used, electric or gas engine power pumps, single-cylinder, 
duplex, compound-duplex, and high-duty pumping engines, 
according to the size and character of the plant ; compound and 
high-duty pumps being economical only where enough elevators 
are running to give the pumps a steady load. 

The following reproduction, Fig. 291, of a photograph taken at 
the Whittier Machine Company’s shop in Boston, shows an 
electric elevator invented and built by the writer in 1888 and 
1889, and, so far as the writer or those associated with him at 
the time knew, the first electric elevator ever built. 

I had simply taken hydraulic-elevator sheaves, mounted 
them in a suitable fr:me, and pulled them with a nut and screw 
instead of by their usual hydraulic cylinder and piston. The 
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screw was driven through a double spur-gear reduction by the 
Thomson-Houston electric motor seen in the right of the 
photograph. The serew had two threads of one-half inch square 
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section, 2-inch pitch, and 4-inch outside diameter; it car- 
ried a bronze nut covering twelve threads. I was told by both 
Thomson-Houston and Sprague electric engineers in Boston 
that it would never be safe to start an elevator car coupled direct 
to an electric motor, so I built a centrifugal clutch and brake 


835 
a \ 
| | 
| 
4 
> 
| 
| 
| | 
| PR, = 


ELEVATORS. 


836 


= 
é 


ELEVATORS. 837 


permitting the armature to revolve freely till it attained a speed 
of 200 revolutions per minute; and then engage the load and 
release the brake at the same moment by friction driving clutch 
and brakeshoe ; this it did, the first and every other time, mak- 
ing a very easy start and stop, but was about as hecessary an 
attachment to an electric motor as a safety valve would have 
been. The motor was controlled by a street-car rheostat on the 
ear, carrying the line current. 

My next discovery was a ball-bearing nut built by Mr. C. A. 
Lieb, and exhibited by him as a curiosity of no practical 
value. I did not agree with him as to its practical value, and 
arranged to use it on my next elevator, redesigned to overcome 
the difficulties experienced by Mr. Lieb. 

This elevator, called the Sprague-Pratt electric elevator, was 
not put in actual use until September, 1891, when it was located 
on the fourth floor at No. 135 West 25d Street, New York City, 
as shown in Fig. 292, and connected to the only passenger car 
in the building by a separate set of ropes, to enable us to 
change back to the old steam hoistway machine to run the car 
by that when we wished to lay ours off for alterations or repairs. 

On May 1, 1892, at 6 a.M., a fire in the floor underneath this 
elevator burned the flooring from under it, dropped the plaster 
from above it, turned the fire hose upon it, and left it resting 
on charred timbers, covered with mortar and rust. At 8 P.M. on 
the same day it was in operation again, carrying passengers the 
same as if nothing had happened to it. 

It was not absolutely fireproof; the next fire in this building 
finished its career, but by that time we had its successor in 
operation in the Grand Hotel, Broadway, New York. 

The following views Figs. 293 and 294—show the general 
design of this elevator. In Fig. 293 the ball-bearing nut in see- 
tion is shown seated in the crosshead and having its centre 
supported by the crosshead guide shoe, the motion of the screw 
being transmitted through the balls to the nut, and from the nut 
to the crosshead, which carries the travelling sheaves. 

Fig. 294 shows the single-deck horizontal type, and Fig. 295 
the double-deck horizontal type ; a triple-deck type is also built. 
The multiple-deck types are merely building independent ma- 
chines one on the top of the other to save floor space. Referring 
to Fig. 294, the car ropes are seen leading down to the sheaves, 
which are carried on trunnions at left-hand end of the machine, 
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from there around the travelling sheaves, etc., until the desired 
multiplication is obtained, when they are anchored to an evener 
bar over the fixed sheaves. The usual multiplication is 8 to 1 
on the machine and 2 to | on the counterbalance for high rise 
and high-speed cars. Four, five, or six 3-inch ropes lead from 
the car over the overhead sheaves, down around a sheave on the 
counterbalance, up to and anchored at the top of the building 
four ?-inch ropes lead from the bottom of the counterbalance 
to the machine, two of them passing around eight multiplying 
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sheaves on one side of the machine, and two on the other side, 
making the travel of the car sixteen times that of the nut, and 
the load on the nut sixteen times the unbalanced weight of the 
car plus its load, which sometimes amounts to 80,000 pounds. 

Figs. 296 and 297 show photographs of machines made in 
accordance with the drawings Figs. 294 and 295. 

Referring to Fig. 2:3, it will be noticed that there are two nuts 
connected together by a splined sleeve, allowing them to be 
forced apart by a coiled spring shown between the sleeve and 
ball nut. Between the conical end of the safety nut and the 
crosshead is a conical bronze bushing, and the end of the safety 
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nut is shown in contact with a shoulder on the screw. This 
forms the upper limit of the nut’s travel, at which point the car 
is about three feet above the top floor, and should, if the hoist 
way is properly designed for a high-speed car, be three feet 
below the overhead work. If the motor continues to revolve the 
screw after the safety nut meets this shoulder, on account of 
both operator and upper-limit switch failing to stop it, the nut 
simply revolves with the screw and turns upon its conical 
bronze seat in the crosshead; the iriction at this point being 
always greater than between the nut, balls, and screw, holds the 
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nut from turning while hoisting and lowering. At the left-hand 
end of the serew, as shown in Figs. 294 and 295, is arubber buffer 
to stop the travel of the nut gradually should the lower-limit 
switch fail to stop it. These limit switches shown on the guide 
beam are operated by rolls on the crosshead frame engaging a 
bell-crank lever on the upper-limit switch, as shown on the lower 
deck of Fig. 295, and a cam keyed to the shaft of the lower limit 
switch and located on the opposite side of the guide beam from 
the switch. 

Following the screw along to the right, we next observe : 
centrifugal governor belted to it; this operates a switch to open 
the brake cireuit and apply the brake if the electric speed con 
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troller fails. As now built, this belt runs on the keyed taper 
coupling joining the screw to the armature shaft. At the time 
this cut was made the serew bar extended in one solid shaft 
through the armature to the brake pulley at the extreme right 
of the machine, but this made them too long to handle and too 
costly to make and renew. 

The thrust of the serew is located on the right-hand face of 
the motor bed, placing the screw load under tension. ‘The 
design of this thrust bearing is shown in Fig. 298, a photograph 
of the caged rolls which bear between two hardened steel plates 
| inch thick by 11 inches in diameter. It is interesting to note 
here that having gradually raised the gear of these elevators as 
our contracts called for higher rises and speeds, without en- 
larging the area of the nut or thrust to provide for double the 
load they were intended to carry, we had trouble getting a 
thrust within the dimensions that existing machines limited us 
to, that would stand these occasional loads of 80,000 pounds at 
300 revolutions per minute, and average loads of between 20,000 
and 30,000 pounds. We tried every arrangement of ball thrust 
with balls from 2-inech to l-inch diameter that was ever heard 
of, also every form of cone-roller thrust. Cone-roller thrusts 
would usually melt and weld in a few hours at the thrust of the 
cones, even when each cone had a ball-bearing thrust, and ball 
thrusts would wear out plates and balls in a few weeks. This 
state of things was getting pretty expensive, when in testing 
some soft balls in a thrust bearing made for that purpose I 
observed them form a straight rim and revolve on it with no 
tendency to form a crown. I took the hint and made a cage of 
180 rolls }-inch diameter by ,',-inch face by }-inch thick, cor- 
ners rounded ,'s-inch, as shown in Fig. 298. This was placed in 
our greatest thrust-destroying elevator nearly two years ago ; it 
has shown no measurable wear as yet and has acquired a most 
remarkable polish. Other thrusts of this design have failed on 
account of the plates not being perfectly hard, or defects in the 
rolls, but these are the exceptions. 

The motor is a four-pole, rectangular steel-casting field, 
series wound, with just enough shunt to excite its dynamo 
action when driven by the descending ear. 

The brake, as shown at the right of the side elevation and 
adjacent end view, is a steel band lined with wood blocks, an- 
chored at the bottom and gripping three-fourths of the pulley. 
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The tension is applied by a helical spring and released by a 
magnet, ,'.-inch movement suflficing to clear the 20-inch diame- 
ter pulley. 

Looking at the pulley end, the screw revolves from left to 
right in lowering the car, thus getting the cumulative friction 
tension of the band to hold the load. 

The multiplying sheaves running on roller bearings places 
the entire transmission of power in this elevator on rolling fric- 
tion, and attains the remarkable efficiency, for a machine of this 
character, of 70 per cent. from current delivered to motor to 
work done at car, giving the mechanical efficiency over 80 per 
cent. This is in hoisting. In lowering, the car load on the ball 
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nut revolves the screw, starting it instantly the brake is re- 
leased, and drives the motor connected up as a dynamo, gene- 
rating 50 per cent. of the energy of the descending load in 
current at the dynamo’s terminals. This current, being a poten- 
tial varying from zero to maximum, has not been utilized as yet. 

Having a rheostat in which the highest resistance will just 
move the car without overheating while hoisting, and hold the 
motor on its dynamo cireuit in lowering to a scarcely percepti- 
ble speed by very low resistance, all ranges of car speed are 
obtained. 

As stated in the early part of this paper, this elevator, as well 
as the hydraulic, depends upon the tension of the hoisting ropes 
to maintain its motion in lowering, and requires no automatic 
slack-cable device to stop the paying out of slack cable when 
the car is stopped in its descent by anything but the hoisting 
machine. In the hydraulic, the rope tension on the piston is 
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the only power by which it can circulate water in the vertical 
or discharge it in the horizontal cylinder. In this elevator, the 
rope tension on the nut is the only power by which it drives the 
screw in lowering, but the momentum of the armature continues 
to revolve the screw after the nut pressure is released, and if 
the nut was fastened to the crosshead it would be carried to the 
end of its travel and slack all the rope on the machine; even if 
not fastened to the crosshead, its inertia would carry it a long 
distance on the screw before it turned with it. To compensate 
for the momentum of the armature and inertia of the nut, the 
nut is not only free to turn with the screw when the crosshead 
pressure is released, but the spring shown in Fig. 293 jams the 
safety nut back against the screw’'s thread and, foreing the nut 
to turn with the screw, prevents any slack cable. 

Another function of this safety nut is to hold the load in case 
the ball nut’s threads should wear out and strip, or rather to 
prevent this by being so placed in relation to the screw’s thread 
that, while normally making no contact with the screw, it ap- 
proaches the screw’s thread as the ball nut’s thread wears, 
and before it has worn to the point of stripping, the load is 
varried on the safety nut, which having too much friction to 
drive the screw and lower the car, the elevator is simply put out 
of operation till a new nut is furnished. 

A vertical type of this elevator has been installed in the Park 
Row Building, New York City, where there are five elevators 
rising twenty-five stories, 297 feet, and five rising twenty-six 
stories, 309 feet, operated by these machines. 

While the functions of this type are identically the same as 
the horizontal, the design of it, with the exception of the nut, 
screw, thrust, brake, and armature, is entirely different. The 
gear of these machines is sixteen to one, the same as used on 
horizontal machines for similar service. Suspended just below 
the lower limit of counterbalance travel are three pairs of 
machine multiplying sheaves, each pair being carried on a 
trunnion, and the three trunnions carried by two |-inch by 10-inch 
steel bars, through which the ends of the trunnions pass with 
nuts and cotter pins on the outside. These 1-inch by 10-inch 
bars are suspended from beams resting on columns which ex. 
tend down about 80 feet to the machine beds, and carry the 
16-to-1 geared pull of the ropes. 

Below the three fixed sheaves come four pairs of travelling 
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sheaves mounted in the same way, only their l-inch by 10- 
inch bars are fastened at the bottom to two 3-inch rods which 
extend down to the nut’s crosshead on either side of the screw. 
At the upper and lower ends of these bars are crossheads with 
guide shoes running on the same Tee rails that the counter- 
balance runs on; these rails extend from the top of the machine 
guides to the top of the building, and also keep the three fixed 
sheaves in line with the travelling sheaves. On either side of 
the counterbalance two #-inch ropes lead down close to the Tee 
rails to the lower pair of travelling sheaves, and pass upward 
from them to the upper pair of fixed sheaves, which are 3 inches 
smaller in diameter; from there down to the next set of travel- 
ling sheaves, ete., there being 3 inches reduction in each suc- 
cessive pair of fixed and travelling sheaves, 14-inch distance 
rope, centres is maintained, and the ropes finally anchor at the 
bottom of the fixed sheaves’ bars. These multiplying sheaves 
are all mounted on roller bearings made of $-inch solid hard- 
steel rolls held in machined bronze cages made of one casting ; 
they roll on hardened and ground steel trunnions and hardened 
and ground steel bushings 2-inch thick. Grease is forced 
through the centre of trunnions into each sheave bearing. There 
are twenty-eight (28) of these }-inch rolls 34 inches long in each 
sheave. The load on these bearings is about 320 pounds per 
projected square-inch area, and their inaccessibility renders it 
necessary to make them able to run without attention for long 
periods of time. I have seen sheaves carrying this same load, 
but running their bored hole directly on the steel shaft, enlarge 
from 4-inch to 52-inch bore and wear the shaft 4 inch where 
they turned on it, in six months. 

The counterweighting effect of all these parts moving one-six- 
teenth of the car speed reduces the momentum of the total counter- 
balance, and, the vertical machine ropes not whipping as much 
as the horizontal machine ropes, produces a much better motion 
of car. These cars with their finished cages, averaging 40 square 
feet area of platform, weigh only 2,700 pounds, and are counter- 
balanced just enough to be operated, by the ropes, sheaves, and 
vertically moving parts of the machine, without a pound of metal 
being added for counterbalance only. The varying counterbalanc- 
ing effect of the ropes as the car travels is compensated by two 
chains of 12-inch iron links looping from the counterbalance 
to a support in the building midway in its travel. 
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The vertical screw runs much truer 
is much easier on the ball-bearing nut. 

Our experience begins to indicate that our present size of nut, 
carrying 240 4-inch balls under load at a time, is too small 
where they are geared 16 to 1 to the car and the load ranges 
from 100 to 300 pounds per ball. Fig. 8300 shows a ball-bearing 
nut on a hollow screw bar carrying 320 2-inch balls under load, 
which I hope to use in future high-geared elevators, thus getting 
the benefit of a stiffer and more reliable screw bar, as well as 
about three times the ball-carrying capacity. Mr. H. F. J. Porter, 
cf the Bethlehem Iron Company, has offered to undertake to 
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bore a 38-inch hole through the centre of these bars up to 26 
feet in length, which, as this steel is 80 carbon and 60 manganese, 
is no easy feat to perform. This may be modified, however, by 
using a softer steel for boring and obtaining the requisite hard- 
ness afterwards by oil tempering. 

Mr. G. H. Hill, F./2—Early in its development as a commer- 
cial power machine the electric motor was applied to hoisting 
machinery. The first application to elevators for passenger or 
freight service was by belting to existing hoists formerly oper- 
ated direct by steam or from a line of shafting. The motor 
in such cases is entirely similar to any power motor, as it is 
run in one direction continuously, and not started, stopped, and 
controlled by the car operator. The elevator motor, as a some- 
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what distinct class, is confined to those direct connected to the 
elevating machinery and controlled entirely from the car; the 
operations of starting, stopping, regulation of speed, and revers- 
ing being entirely functions of the motor and its controlling 
apparatus. 

The necessity of meeting the severe conditions of these opera- 
tions has developed a class of motors peculiar in some respects 
and with many admirable qualities. The conditions to meet are 
in some respects similar to those of street-car service, which has 
produced a type of motor of marked individuality and of high 
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merit. The points of similarity between the two services 
viz., elevator and street-railway—are chiefly thoroughness and 
strength of design, ability to stand all sorts of abuse, weather 
conditions, overload, shocks of frequent starting under heavy 
loads, and ability to reverse and run in either direction 
equally well. In several respects the conditions for elevator 
service are more severe and exacting than those for railway 
service, which seems natural, since an elevator is no more or 
less than a railway operation on a vertical plane. 


Besides the prime requisite of arailway motor, viz., endurance 
a requisite, by the way, much magnified in importance when we 
consider the impossibility of taking a disabled elevator home 
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for repairs while another replaces it—the elevator motor must 
be efficient and economical of power both on starting and run- 
ning ; it must be capable of rapid control, combining gentleness 
with almost unlimited power. An elevator is usually operated 
on a lower voltage supply than that of a railway line with corre- 
sponding greater current values. Frequently they are con- 
nected to circuits that supply lights and other power, and the 
number of machines in a single plant is so small as to prevent 
the averaging of the current value to a fairly constant figure, as 
is the case when a large number of units are in operation. The 
fluctuations of current are necessarily great, and, if excessive in 
starting, are especially noticeable and annoying. Any uneven- 
ness of action in starting and stopping is very noticeable and 
unpleasant. Their perfect safety must be beyond question. 

Under the same conditions of field strength and potential the 
motor must have a very constant speed under extreme condi- 
tions of load from a negative to a maximum positive. 

The most common and widely known form of electric elevator 
is the worm gear and drum machine, which consists generically 
of the winding drum and worm wheel carried on the same shaft, 
a worm meshing with the gear,and the armature of the motor 
mounted on the worm shaft. While not essentially so, these 
machines are almost exclusively operated on the overbalanced 
principle. This has the well-known advantage in economy of 
power by making the system balanced when the average load is 
in the car. With the car thus overbalanced the possibility 
exists—arbitrarily as far as the motor or control is concerned — 
of having the motor drive a positive load or of having the load 
tend to drive the motor in either direction according as the live 
load is greater or less than the amount of overbalance. This 
condition makes a shunt winding for the motor a necessity, 
since a series-wound motor would be useless to control the car 
where the load was tending to move by gravity in the same direc- 
tion that the motor is being driven. When this condition exists 
with a properly designed shunt motor, a very small increase in 
speed over the normal, caused by the driving load, will raise 
the counter E. M. F. of the motor above that of the power cir- 
cuit and cause it to generate current back into the line, thus act- 
ing as a dynamic brake. 

A variation in speed of less than 10 per cent. is obtained with 
the best machines for a variation in load from the maximum 
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positive power of the machine to a similar negative load. This 
ability to generate current back into the line is of great impor- 
tance not only in preserving a constant speed under all condi- 
tions, but also in the matter of economy. Where a number of 
machines are connected to the same power line close together, 
this action produces a remarkable saving in total power re- 
quired. A remarkable instance of this is presented in a case 
where twenty-three machines, nearly all of the same size, are 
installed in one plant. The mains are of heavy copper and 
installed so as to closely tie all of the motors together. The 
machines are designed to carry loads of 5,500 pounds and 4,500 
pounds at a speed of 150 feet and 225 feet per minute respec- 
tively. The regular average duty is very much higher than is 
ordinary —being usually about one-half of these load figures. 
The average hoisting current for each machine at 230 volts is 
about 50 amperes. The cars are rather heavily overbalanced, 
so that an empty car going up or a loaded car descending 
will drive the motor and cause it to generate current back into 
the mains, which goes to supply one of its neighbors that is 
running down light or up with a heavy load. The current 
supplied to the system is, therefore, the difference between the 
generated current and that expended in doing actual work. 
The result is a great diminution in power required by the 
plant over that which would be necessary were the elevators 
separated and supplied individually. The power required to 
operate the entire plant averages about 10 amperes for each 
elevator in service, and the total current supply is very con- 
stant. Instead of using a separate generator for the elevator 
load as originally contemplated, the elevators are now run from 
the same generators with the light load with perfect satisfaction. 
In addition to having the motor design such that it will act as 
an efficient generator and attain a potential greater than the line 
voltage at a speed not greatly in excess of its motor speed, it is 
also a prime requisite that the worm gear be very efficient. 
Another noticeable case of the effect of this action was men- 
tioned in the discussion of an elevator plant at a recent conven- 
tion of this Society. In this case two of the elevators of a 
plant of eight were used to carry load down only, the up trip 
being with empty car. The average current for these two ma- 
chines is negative ; i.c., they act as generators and actually sup- 
ply energy to the other machines of the system. 
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The combined necessities of using a shunt field winding and— 
for reasons of economy—of having the current cut off from the 
field when the machine is not in actual operation, require a spe- 
cial consideration, especially in isolated machines, in order to 
prevent excessive inrush of current when starting. It is neces- 
sary to make the field magnetize quickly, so that the starting 
resistance may be cut out promptly. This is accomplished in 
some machines by a special arrangement of the shunt field, and 
in others by using a few series turns. These series turns must 
be cut out with absolute certainty as soon as the motor attains 
its speed, for the reasons before given. 

For the purpose of slow running as well as to further reduce 
the starting current, the best practice designs the motor to run 
when at ented maximum speed with a field magnetization con- 
siderably below the saturation point. 

W’ en starting, the field is brought quickly to saturation, giv- 
ing the motor a heavy torque and a slow speed with little more 
than the running current when the field is weakened and the 
motor speeded up. Such arrangement reduces the amount of 
power that can be obtained from a given motor, or, conversely, 
makes a larger and heavier motor necessary for a given output, 
as compared with standard power motors. 

With the special conditions to meet, the best elevator motors 
have a very high efficiency. A hoisting efficiency over all —/« 
from line supply to net load lifted by machine—of 60 per cent. is 
ordinary, while in many machines 70 to 75 per cent. is attained. 
For this the efficiency of the motor alone must be high, and 
is commonly 90 per cent. 

The control of the drum type of machine has to perform 
three general functions : 

1. Make and break the current and reverse the motor. 

2. Cut out the starting resistance. 

3. Cireuit the motor through a resistance when stopping and 
apply the brake. 

The oldest form of control accomplished the first and second 
entirely by a hand rope running to the car. These early ma- 
chines did not accomplish the third-named, but depended 
entirely upon the brake for stopping. The motor affords a 
most excellent means for bringing the moving car to rest by 
circuiting through a resistance, preferably one variable from 
maximum to zero with heavy cars and loads. The action of th 
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motor is proportional to the load and speed and is powerful 
and at the same time gentle and easy. The action of a me- 
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chanical brake set at a given pressure is apt to be harsh with 
light loads, or not sufticiently powerful at heavy ones. With 
light loads and small machines this is not so noticeable. 


The advantages to be gained by performing these functions, 
either altogether electrically or partially, have caused such 
means to be quite generally adopted. A well-known form of 
controller is one in which the making, breaking, and reversing 
are performed by a switch controlled directly by the hand rope, 
the same switch controlling the circuits of the brake coil and a 
solenoid which cuts out the starting resistance. The electric 
form of brake is in all cases arranged so that the brakeshoes 
are pressed against the brake pulley by a spring or weight, and 
released therefrom by a solenoid. This arrangement has the 
advantage of automatically applying the brake whenever the 
current is cut off in stopping or in an emergency. One form of 
solenoid for cutting out the starting resistance is wound so that 
its axis is a segment of the circumference of a circle. The 
plunger is similarly shaped and is earried by a lever on the 
opposite end of which is carried the brush which passes over 
a commutator between the segments of which is connected the 
starting resistance. An air dash-pot is usually attached to 
the lever to control the rapidity of movement of the plunger 
and lever. The lever movement is used because of the appar- 
ent difficulty of designing a solenoid magnet which will act 
over long distances. A form of controller manufactured by 
Sprague Electric Company which overcomes this difficulty 
is shown in Fig. 301. This is entirely electric—the making, 
breaking, reversing, and circuiting through a resistance when 
stopping being accomplished by the two solenoids on either 
side of the main solenoid. The rheostat solenoid in this con- 
troller is direct lifting against gravity and is governed by an 
adjustable air dash-pot in the interior of the coil. The con- 
tact brushes are carried on the end of the plunger, mak- 
ing contact with the rows of segments on either side. The 
movement of this plunger is about 10 inches, and its rapidity 


{ movement is easily varied by the air dash-pot trom 1 to 5 
seconds as desired. Another form of entirely electric con- 
roller is the magnet control manufactured by the Otis Com- 
pany. This controls the making, braking, reversing, and cir- 
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cuiting, by magnets in a way similar to the above. The 
starting resistance is cut out in sections by the action of a 
number of other magnets whose coils are so wound and con- 
nected that they are energized in rotation as the armature of 
the main motor increases its counter-electromotive force. The 
potential thrown across the armature terminals is thus propor- 
tional to the counter-electromotive force it has attained, the 
acceleration on starting being automatically proportioned to the 
load. On this and the above controller a variation of speed of 
the motor is accomplished by a separate magnet which varies 
the field strength of the main motor. 

In all of the above controllers the cutting out of starting 
resistance, and the speed with which this is done, are independent 
of the operator in the car; the variation in speed under the 
operator's control being entirely that produced by field variation 
of the main motor. 

The pilot-motor controller manufactured by the Sprague 
Company provides means for controlling this at will. This is 
shown in Fig. 302. The making, breaking, and reversing are 
controlled by the two cireuit breakers as in the other forms. 
The control of the starting rheostat and field variation is through 
the medium of a pilot motor the cireuits of which are controlled 
by the operator. The pilot motor is series wound with differen- 
tial field, and is started and reversed without any starting 
rheostat. It is provided with limit switches and stops by which 
it cuts off its own circuit at the limits of its motion. It is also 
provided with a brake similar in construction to the main-motor 
brake and mounted upon the armature shaft. The coil of the 
brake is connected in series with the motor. This brake serves 
to stop the movement of the rheostat arm instantly, when the 
current is cut off from the pilot motor by the car operator or at 
the limits of its motion. With this form of controller, the speed 
of the car is under complete control from the very slow move- 
ment with full field strength and all starting resistance in circuit, 
to the maximum speed with the motor across the line and the 
field weakened. 

An interesting device is provided on this control for making 
the acceleration of the car when starting proportional to its 
load. The device consists of a solenoid in circuit with the 
main-motor armature and provided with a plunger and suitable 
contacts. When the starting current exceeds a predetermined 
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amount for which the throtile (as the device is termed) is set, 
the plunger of the magnet draws up, closing a shunt circuit 
about the pilot-motor armature. This slows down or stops 
altogether the movement of the rheostat arm until the counter- 
electromotive force of the main motor increases and the current 
again falls below the given amount, when the plunger drops and 
the movement of the rheostat arm continues. 

With the complete electric control there is usually provided 
a slack cable switch operated by various devices, which cuts off 
the current and stops the motor in case the hoisting cables 
become slackened in an emergency, and a centrifugal governor 
which acts similarily in case the motor attains too high a speed. 

Another form of control for drum elevators, quite different 
from all the above, is that known as the Leonard system. The 
peculiarity of this system lies, not in the motor, but in the applied 
power. By means of an individual generator for each elevator, 
whose field strength and therefore voltage are varied or reversed 
at will by the operator, this supplies to the motor, without the 
use of resistance, the variable voltage for starting, as well as 
for speed regulation when running. The field of the motor 
is kept at constant strength and can be maintained at a 
maximum. 

The starting power with this system of operation need never 
exceed that required for running, and in this respect, as well as 
in the directness and simplicity of the idea, it is in theory the 
ideal method of control. It is, however, hampered commercially 
by the necessity of the individual and separate generating 
apparatus. Special consideration must be given to the con- 
struction of the generator, in order to have its field strength and 
voltage follow quickly the action of the operator in increasing 
or reducing the field current, in order to produce rapid control 
of the ear. One of the strongest advantages of the electric 
elevator is the possibility it presents for centralizing all the 
power needed for a building in a few generating units. Where 
the generators cannot be used for other purposes or even inter- 
changeably with the lighting or other power generators, the 
electric elevator loses a great part of its advantage over other 
systems. 

Another type of electric elevator which has attained promi- 
nence is the serew and ball-nut type manufactured by the 
Sprague Electric Company. This is a radical departure in its 
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electrical as well as mechanical features from all other electric- 
elevator practice, and was designed to duplicate hydraulic- 
elevator service in the matter of speed and operation for high- 
duty passenger service iu office buildings The machine has 
been described above. 

The car in this system is always underbalanced. The motor 
operates as such when hoisting, but is driven as a generator by 
the load when descending. The motor is series wound with a 
few turns of shunt winding remaining in circuit to assist the 
rapid building up of the field magnetization when starting. The 
form of control for this machine is shown in Fig. 303. 

The making and breaking of current (there is no reversal of 
current or motor connections, since power is used only in hoist- 
ing) are performed by a circuit breaker similar to that for drum 
machines. The speed in hoisting or lowering is variable at will 
over the entire range of the motor, and is controlled through 
the medium of a pilot motor which is geared to the rheostat 
arm. On the hoisting motion this is an ordinary rheostat con- 
trol; in lowering, the motor as a generator is circuited through 
a variable rheostat, the retarding effort, and hence the speed, 
being governed by the amount of resistance in circuit. 

The brake is connected direct on the armature shaft, and is 
similar in principle to that for drum machines. 

The positive connection between the power unit and the ear, 
the positive limits of travel presented by the ball-nut and screw 
system, and its great adaptability to the application of safety 
devices, give this type of clevator marked advantages over the 
drum machine. The efficiency of the machine is high, 70 per 
cent. hoisting efficiency from power supply to load hoisted 
being ordinarily attained. 

The introduction into extensive commercial use of two-phase 
systems of alternating-current electric power, and the use of this 
as well as single- and three-phase systems abroad, have produced 
a demand for elevators that will operate on such systems. .\ 
number of such are now upon the market. The motors for these 
are usually standard types, as built by the General Electric, West- 
inghouse, and other companies. 

The controlling apparatus is much simplified by the lack of 
necessity for any starting resistance. The low efficiency of alter- 
nating current magnets requires that special consideration be 
given the control apparatus in order to prevent too much power 
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being expended therein. In one type of alternating machine a 
small motor is used to operate the circuits of the main motor 
and to lift and apply the brake. The objection is open to this, 
that in case of line failure the brake would not be applied or 
the cireuits of the motor opened. Another simpler and more 
direct apparatus controls the reversing switch of the motor, and 
operates the brake by means of a solenoid magnet. When the 
plunger of this magnet has completed its movement and at the 
same moment that current is applied to the motor, it opens its 
own cireuit and is caught and held by a latch. Current is not 
flowing, therefore, through the solenoid and motor at the same 
time, a point of advantage in keeping the starting current low. 
To stop the motor and apply the brake the latch must be released 
by a second small magnet. At the limits of motion of the car 
this latch is also released by mechanical means. This is partly 
open to the same objection as the first-named, as the brake 
would not be applied nor the circuits opened in case of failure 
of power for a short or long period, except when the car reaches 
its limit of travel. 

Another form not open to this objection employs two solenoids 
for lifting the brake and reversing the motor, one for up and 
one for down motion. The solenoids are so designed that when 
the movement of the plunger is completed the reactance of the 
coil is greatly increased, and hence the current diminished in 
value much below that required to raise the plungers. This 
form of control stops the motor and applies the brake instantly 
when the control cireuit is opened in normal operation, or in 
an emergency. In case of single-phase motors a teaser arrange- 
ment is employed to produce a rotary field when starting, and 
is cut out when the motor reaches synchronism with the line. 
All forms of electric elevator mechanism lend themselves very 
readily to the application of special and automatic devices for 
safe and convenient operation and to accomplish any special 
object. The forms of such special application are of great vari- 
ety, and a detailed description of them would be quite beyond 
the limits of this paper. 

A very popular and interesting form of automatically con- 
trolled elevator for use in private dwellings deserves mention, 
however. The machine itself is of the ordinary drum type, 
having a moderate speed, usually about 100 feet per minute. It 
is designed to be operated by the passenger, no operator being 
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required. Each floor landing is provided with a button switch, 
by pressing which the car is brought to that floor irrespective 
of its previous position, provided it is not already in service 
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and all landing doors are closed. Each landing door is equipped 
with an automatic lock, released by the car when it is opposite 
the landing, and holding the door closed at all other times. It 
also is provided with a safety switch, which opens the control- 
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ling circuit whenever the door is opened, so that the car cannot 
be operated unless all doors are closed. The car may be pro- 
vided with several forms of operating devices, all of which are so 
arranged that when being operated by a passenger the landing 
buttons are inoperative. These types of elevators are in exten 
sive use, and have shown themselves not only perfectly safe, but 
very convenient and reliable. 

The same, or similar, form of automatic control is used in 
more or less elaborate modifications for a great variety of pur- 
poses, such as dumb-waiters, parcel hoists, freight service, ete., 
ete., which the flexibility of the electrie control makes possible 
with a simplicity and directness quite impossible with any but 
electric machines. The descriptions of the various types of con- 
trols given have necessarily been of the briefest possible charac- 
ter. There is much of interest to be said in deseription of 
details and in discussion of the merits and demerits of the 
various types of machines and controls as well as upon the ques- 
tions of power, economy, and efficiency. Any attempt at this, 
however, is quite impossible in a single paper. 
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DISCUSSION. 


Mr, W. 8. /eogers.—It is interesting to read that some one con- 
nected with the electric elevator business considers a ball-bearing 
nut to be a crude affair as a ball bearing. My experience has led 
me to the conclusion that it would have been wise to have listened 
to the advice of Mr. C. A. Lieb, quoted on page 837, that it was a 
curiosity of no practical value. 

We are told that the ball nut is “ harveyized”’ in bone dust and 
charcoal. Why not say that it was “case-hardened,” as that 
is all there is to it, and it is a process which we have all been 
using at various times for many years, and know that it is not 
always a “sure thing,” as the best steel workers will testify. 

Now, referring to Fig. 299, we notice that the walls of the area 
in which the balls roll form a square, with the exception of the 
corner of the nut against which the thrust load comes, which is 
left with a fillet of 30 degrees. When at work the !ead of the 
ropes is parallel to the line of the screw, while tangential inertia 
of the balls is at right angle to the screw. These two forces pro- 
duce a resultant force compelling the balls to wear away the 30- 
degree fillet and make for themselves a true rolling path. While 
this action is going on there is also a tendency of the balls to 
wedge outward until they have cut the angular portion of the nut 
into slivers and splinters, giving themselves room to work in. (I 
will state that I have seen these splinters of steel an inch long and 
jy of an inch thick.) These splinters and cuttings also are 
gathered in among the balls in a compound of metal succotash, 
which assists in making some balls larger than others, causing 
them for the moment to take more of the horizontal load than 
they are able to carry, and the result is broken balls, elevators 
stopped for repairs (and generally during the busiest hours of the 
day), and patrons and owners all out of humor, while the poor 
mechanic in the engine room has to stand the brunt of all the 
trouble. Then the so-called expert is called in, and he immedi- 
ately begins an examination of the broken balls with a microscope, 
endeavoring to find the microbe which caused the fracture. The 
second element helping onward the destruction of the mechanism 
lies in the fact that the thread of the nut is not a perfect pitch, 
because such things are impossible, and the same holds good with 
the threads of the screw, and in conjunction with them we know 
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that the best steel balls are not all of the same exactness, perfect 
in gauge and spherically, and practically not half of the 240 balls 
are under load at once. Knowing this to be true, and that a $- 
inch ball’s maximum running load is but 200 pounds, it is easy to 
see that the nut is only able to resist 24,000 pounds. Nevertheless, 
we are informed on page 844 that the maximum average load on 
the thrust bearing is 30,000 pounds, with occasional shocks of 
80,000 pounds. With this discrepancy in design, is it any wonder 
that the weaker member of the construction continually gives out, 
even if there were no other destructive elements surrounding it ? 
Lastly, the balls are of tempered tool steel with two axes of rota- 
tion. Consequently, in action they grind against the two walls of 
resistance, which, being much softer in texture, are bound to wear 
away, destroying any accuracy they may possess, thus allowing a 
few of the balls at times to take the entire load until such time 
as crystallization is complete. Then they break, and the expert 
goes after them with his microscope. In one instance, where 
balls made of inferior iron and hardened by the Simonds process 
were used, they wore down from half an inch to almost three- 
eighths of an inch in diameter without breaking, and there is no 
guessing as to how much longer they would have lasted. Another 
argument favoring the truth of this is the fact of the so-called 
“eold-rolling process” mentioned on page 844, where they per- 
form in a laborious, mechanical manner a trick which any intelli- 
gent toolmaker can do in an hour's time—simply drawing the 
temper of the balls. In the meantime the experts are driving 
the ball manufacturers almost insane with propositions to “ test ’ 
balls made of different kinds of steel. 

Referring to the thrust bearing, Fig. 298, the rollers will stand 
safely against a load of 120,000 pounds. The balls used pre- 
viously would only carry safely 36,000 pounds, while 80,000- 
pound shocks are stated on page 844 as likely to oceur. In our 
business we do not recommend this type of bearing, unless there 
is absolutely no room for the ball type, as the friction is increased 
fully 50 per cent. I do not consider the roller bearings for the 
sheaves described on page 847 to be what they ought to be, or 
that the rollers will last as long as they should. In my opinion 
it is possible to design roller bearings which can be used for 
twenty years. 

Mr. William H. Bryan.—The description of the Ellithorpe air 
cushion is particularly interesting, and I would like to know to 
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what extent it has actually come into use. It would seem to be 
the best possible safety device for a falling elevator. Is there 
any danger of “ teetering”? when the elevator strikes the cushion ? 
If so, is it not possible to displace the cables, or to drop the 
counterweights ? Figure 281 shows a batter at the bottom of the 
well, and there also seems to be several inches of clearance 
around the platform of the car at the narrowest place. Have 
any experiments been made to determine whether this space can 
be so adjusted as to control positively the air pressure? If so, it 
might be possible to do away with both the suction and relief 
valves, thus eliminating two features which might be tampered 
with or get out of order. 

Our experience with guide rails does not correspond with Mr. 
Pratt’s. We find there is usually a saving averaging about $100 
per elevator for wooden rails over steel, even where the former 
are of the best possible construction. This is partly accounted 
for by the more expensive safeties required when steel guides are 
used. 

Mr. Pratt brings out very clearly the advantages of the electric 
elevator in a number of important features : 

1. The location of the machinery at top of hoistway economizes 
space and lessens friction by reducing the number of sheaves. 

2. The car may be counterbalanced, not only for the dead load, 
but over-counterbalanced to the average live load, which 
arrangement gives the highest possible motor efficiency, permits 
the use of a smaller motor, and tends to equalize the current 
consumption. 

3. It greatly simplifies and cheapens the power plant. 

The improved efficiency of the worm gear is interesting, as is 
also the fact that it has now been shown that a single worm gear 
with roller thrust is more efficient than the double worm. 

Mr. Pratt states that accumulators are chiefly used with high- 
pressure hydraulic plants, but that pressures above 250 pounds 
per square inch are uncommon. There are a number of hydraulic 
plants in St. Louis operating with pressures of about 800 pounds 
whose performance is satisfactory and whose fuel economy is 
high. 

Mr. Pratt is probably correct in stating that the machine 
shown in Fig. 291 was the first electric elevator ever built, if he 
limits it to direct-connected machines; but electricity had been 
used for running elevators earlier than this, both by motor-driven 
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pumps for hydraulic elevators and by motors belted to power 
elevators. 

The screw machine described is admirably adapted for high 
lifts and speeds, and is, in fact, the only type of electric elevator 
which can be used for this class of service, but on account of its 
large starting current, and the fact that it cannot be over-counter- 
balanced, and returns no current to the line, its power consump- 
tion is always high compared with the drum machine, and larger 
generating units must be supplied. I suggest that Mr. Pratt add 
to the paper some characteristic curves of current consumption 
of a typical machine of the latest screw type for different loads. 

The hoisting efficiency of 70 per cent. given on page 845 is 
probably for gross and not live load. If measured on the basis 
of watt-hours per ton-mile of live load only, and including start- 
ing current, and taking readings for the entire round trip, the 
result would be quite different. 

Mr. Hill’s supplement to the paper is interesting, in that it 
ealls attention to recent developments in motors by which the 
current consumption is reduced and the surge at starting entirely 
avoided. A number of manufacturers are now offering elevator 
motors under guarantees that the accelerating current shall not 
exceed the running current, and this without making the accelera- 
tion slower, a result which they claim to accomplish by special 
winding. It means a somewhat larger and more expensive motor 
than would ordinarily be employed, and one whose efliciency is a 
trifle less after it is once under way, but the increased expense of 
the motor is more than met by the reduced size of the generating 
apparatus. The absence of excessive starting current brings up 
the gross or round trip efficiency, particularly where the elevators 
make frequent stops. It is now the almost invariable custom to 
run electric elevators from electric lighting generators, and when 
properly adjusted both classes of service are entirely satisfactory. 

While the drum electric machine has many advantages, it 
should not be operated at higher speeds than 350 feet per minute ; 
and if the lift is over about 150 feet drum complications are 
introduced. The most successful drum machines are built to 
operate at practically constant speed in both directions, irre- 
spective of the load. In freight service it sometimes becomes 
necessary to handle loads of, say, double the rated capacity o! 
the elevator. On these rare occasions it would be permissible to 


reduce the speed to one-half or even less. If the elevator people 
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would develop a motor which would fill this requirement without 
being unnecessarily complicated or expensive, and while main- 
taining proper efficiency in regular service, I believe it would 
prove popular. In this connection it is interesting to note the 
development in St. Louis of a single-phase alternating motor 
which is self-starting, ‘and which may prove itself well adapted 
to elevator service in those cities where only single-phase alter- 
nating current is available. As at present constructed, it sparks 
during starting, and is, therefore, better adapted for continuous 
running, being belted by tight and loose pulleys to power 
machines. 


The important advantage which the drum type of elevator 
has—of returning current to the line—has already been men- 
tioned. This may be done either when a heavily loaded ear 
descends or a lightly loaded car ascends. This introduces an 
interesting question. What happens when one or more elevators 
are returning current to the line at a time when the output of the 
generator is a minimum? It is not difficult to imagine all the 
elevators stopped, except one or two. If at this time the output 
of the generator for lighting is small—which might occur in the 
daytime in a building using but little artificial light—it is possi- 
ble that the return current might not only exceed that used for 
the lighting and power at the moment, but also that necessary to 
run the dynamo as a motor. Under these conditions, the generator 
and its engine would increase in speed, which would result in the 
engine governor, if of the proper type, cutting off all the steam. 
What would happen next? The elevator motors, which are now 
dynamos generating current, have, of course, only a limited driv- 
ing power behind them. In most cases this would not be suf- 
ficient to more than drive the dynamo as a motor and the engine 
connected to it with but little increase of speed. Assuming, how. 
ever, that the return current might exceed even this, what would 
happen with a compound-wound generator such as is always used 
for this class of work? The return current converts the dynamo 
into a differentially wound motor—that is, one in which the 
magnetism due to the current in the series winding is opposed to 
that due to the current in the shunt winding. The rotation of 
this differentially wound motor will be in the same direction as 
when it ran asa dynamo. Its speed will depend entirely upon 
the relative proportions of the series and shunt windings. If the 
dynamo is heavily compounded, its speed as a motor will increase 
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as the current increases. The standard generator is wound for 
10 per cent. overcompounding, and this is reduced by the shunt 
compounding rectifier to about 3 per cent. for isolated lighting. 
Under these eonditions the speed of the motor will accelerate 
but slightly. The probabilities, therefore, in such a case are that 
the dynamo would operate satisfactorily and without material 
increase of speed until a considerable quantity of current should 
be forced through it. 

The remedy—if indeed a remedy is necessary—is to place 
between the dynamo and switchboard, not only the usual over- 
load circuit breaker, but also an under-load circuit breaker, which 
will open when the current falls to zero. A better arrangement 
will be to use a circuit breaker which would pass enough return 
current to run the dynamo and engine at normal speed, but 
would open for any greater current. No such instrument has 
been developed, however, so far as I am aware. It is also 
important in such a case that the governor of the engine be of 
such a type as to entirely shut off the steam at a given excess of 
speed. 

The problem above presented has no doubt been thoroughly 
considered by designers of generators and motors, and it would 
be interesting to learn their views. In view of the fact that 
thousands of electric elevators are now in use in this country, 
and that many of them return current to the line, it would seem 
that this condition must frequently have arisen. There seems to 
be no record, however, of an accident from this source, which would 
indicate that it is impossible for dangerous conditions to arise. 

Mr. Chas. R. Pratt*—On pages 825 and 826 reference to the 
liability of drum elevators running the car or the counterbalance 
into the top of the hoistway was intended more as a comparison 
with the other types mentioned, in which this could not possibly 
occur, rather than to imply any serious and actual danger per- 
taining to the drum type. 

On page 827 my remarks on Hindley worm gears are a warn- 
ing to manufacturers not to attempt to build them in small 
quantities for light duty where there is space to use a plain 
worm gear. The purchaser, however, should give the Hindley 
gear a preference, where it is properly built, as it will be more 
efficient and durable for any purpose he may choose to use it. 


* Author's closure, under the Rules. 
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On page 844, in regard to the cylindrical roller bearing shown 
on page 845, Fig. 298, [ should have stated further that there are 
now about 200 of these taking the thrust of the screws on 
Sprague-Pratt electric elevators, and not one of them has as 
yet shown any measurable amount of wear or other deteriora- 
tion. 

On page 846, the statement that the safety nut is intended to 
hold the load in case the thread of the ball-bearing nut wears 
out and strips is not intended to imply that this ever occurs. 
It certainly might occur in time if the engineer never cared for 
or inspected the ball-bearing nut, but it has not occurred yet, 
and probably never will occur, but this improbability does not 
do away with the advisability of having such an absolute safety 
device on a passenger elevator. 

The ball-bearing nut needs no defence from Mr. Rogers’s 
attack, but, as a matter of record for our J'ransuctions, it should 
be stated that this nut was never expected to be an ideal ball 
bearing as compared with ball-bearing journals or thrusts, 
where the balls roll upon perfectly true and glass-hard surfaces 
and carry very little load per ball. Such bearings show no 
appreciable deterioration in a lifetime when properly made. 
This nut was made for the specific purpose of operating an 
elevator car with a speed and motion equal to the best hy- 
draulie elevator, at no greater first cost or cost of operation, and 
with all the natural advantages of electric power over hydraulic 
incidental to the arrangement of the power plant in large 
buildings. 

The larger size of this nut shown in Fig. 300 has been 
made and tried since this paper was presented at Washing- 
ton, and tests of its durability indicate that it will last as 
long as any piece of high-speed elevator mechanism is expected 
to last. 

The comparative degree of success that this nut has attained 
commercially is not an argument for our Society. But if it 
was as Mr. Rogers describes it, it could scarcely have been 
selected as the means of operating elevators in the finest and 
lighest buildings in nearly every large city in the United States 
for the last six years. The latest installation of the ten passenger 
elevators in the Park Row Building, New York City, made the 
trial run of thirty days without an instant’s interruption to the 
service of any elevator for any cause whatever. 
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Mr. Rogers's remarks on the Harvey process and upon case- 
hardening would lead one to suppose that they were one and 
the same thing and equally ineffective for practical results. 
As the limits of this discussion will not permit of a complete 
deseription of these methods of hardening steel, the author 
can only call attention to the fact that the armor plate of 
every war vessel afloat is Harveyized, and the bearings of 
small arms, bieycles, sewing machines, ete., are nearly all case- 
hardened. Therefore, neither of these processes can be fairly 
considered to be either obsolete or experimental, as would be 
inferred from Mr. Rogers’s statement. 

Mr. Rogers next attempts to explain various causes for undue 
wear and tear of this ball-bearing nut, suggesting “ tangential 
inertia’ and other equally improbable reasons for the same. The 
one only reason why some of these nuts, balls, and screws have 
not lasted as long as they should, is because they have been 
overloaded. This fault is now recognized by their manufacturers, 
and the remedy, in the form of the larger size, as already 
described in this paper, is now being applied to such plants 
aus may require it, and the members of this Society will be 
invited to inspect the first installation of the same at the 
Waldorf-Astoria Hotel, during our next convention in Decem- 
ber, where they can also observe the smaller size working under 
an overload. 

The author is perfectly familiar with the process of drawing 
the temper of steel balls, and most of the balls used in this nut 
have had their temper drawn to whatever temperature was best 
suited to the steel used, but it does not produce the same result 
as the cold rolling action that these balls receive under their 
regular duty. 

Mr. Rogers’s remarks about the inadequacy of the roller sheave 
bearings described on page 847 are totally uncalled for, as these 
bearings follow the best practice in this line, and are more 
substantially built than any of the regular commercial types 
of roller bearings. 

Mr. Rogers’s discussion concludes with an attack on thie 
efficiency of the cylindrical roller thrust bearings. While thi 
efficiency of this cylindrical roller thrust bearing is something 
over 95 per cent., and higher than any form of ball or cone- 
roller bearing ever used in its place, it is easy to see how tli 
efficiency of this form of thrust bearing might be reduced to 
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almost any extent by increasing the length of the rolls in pro- 
portion to their radius of rotation. 

teplying to Mr. William H. Bryan's discussion: First, in 
regard to the Ellithorpe air cushion, in Mr. Ellithorpe’s list of 
references are 276 elevators in the finest buildings in most every 
large city in the country. The relief valve performs a funetion 
impossible to produce by any graduation of clearance between 
the ear and the enclosed hoistway where the car falls from 


varying heights with varving loads, wherein this valve is ad- 


justed to bring the car to a stop in a distance of such propor- 
tion to its free fall as to avoid accumulating sufficient pressure 
to cause the car to rebound and “teeter.” Neither can any 
graduation of clearance between car and hoistway serve the 
function of the saction valve, which materially reduces the 
partial vacuum caused by the car being hoisted out of the air 
cushion at high speed. 


As neither of these valves depends upon tight joints, packing, 
or any kind of close fits, there should be no possibility of their 
vetting out of order. 


In the matter of wood versus steel onide rails, where the 


hoistway affords solid supports near enough together to use 
a plain wood post to fasten the wood guide rails to, a first- 
class job can be erected for less cost than steel rails, even 
when the posts are made of built-up plants of kiln-dried 
white pine, which is the best timber for this purpose. But 
when the building only affords supports at each floor the 
usual construction is to build the wood posts in between the 
backs of two channel irons, and this costs more than steel 
rails. 


In regard to comparative efliciencies of single and double 
worm gears, I did not intend to convey the idea that the single 
worm is, or could be, very much more efficient than the double 
worm gear; the point I wish to emphasize is that, as it is possi- 
ble to get as much or greater efficiency out of a single worm 
vear as out of a double, there is no object in using the latter, 
which is the larger and more costly machine of the two. 

The author is aware that there are several successful 
hydraulic elevator plants in St. Louis using pressures of about 
S00 pounds, but they are for freight daty, and plants of this 
pressure for high-speed passenger service have not been as 
successful or extensively used in other cities. 


= 
| 


ELEVATORS. 


The difference between live and gross loads on Sprague-Pratt 
electric elevators varies very much with the condition of the 
buildings where they are used, on account of light or heavy 
‘ars ; heavy cars cannot be operated with the same amount of 
unbalanced weight as light cars, and the different requirements 
for starting and stopping time also affect the amount of un- 
balanced car, so that machines exactly alike in every particular 
would vary in kilowatts per car-mile under equal live loads in 
different buildings to a great extent. Therefore, the character- 
istic curves of current consumption would not be instructive 
unless given for several plants covering all typical conditions, 
which would exceed the limits of this paper. 

Mr. G. H. Hill.—Mr. W. 1. Bryan refers at some length to 
the probable results of certain possible, though hardly prob- 
able, conditions of an elevator installation where the load is 
driving the motor as a generator. The writer has never known 
of such a case in a commercial plant. Where the elevators are 
connected to the street mains, it is,,of course, quite impossible, 
and in case of a local plant it is quite improbable that the 
generator would have a load so light that it would not take care 
of the return current from one or two elevators running under 
the conditions assumed without having any effect upon the 
generator itself. Even if the generator were without other load 
than that of the elevators, the effect would be not enough to 
more than speed the generator (as a motor) a little above its 
normal, the power required to drive the engine being sufficient 
to absorb that delivered by the elevator. As the line resistance 
in such a case would be greater than usual, the elevator would 
have to acquire a higher potential than usual, so that its speed 
will not be kept so constant. Just such an action as Mr. Bryan 
speaks of did actually take place at a test of one of the Sprague 
Electric Company’s type “S” elevators for the Central London 
Railway at London. These machines are built for a load of 
10,000 pounds net and a speed of 200 feet per minute. When 
the first machine was erected for trial a small direct-connected 
unit was installed solely for the purpose of supplying current 
for the test. When the car was allowed to descend with a full 
load, the current returned to the dynamo was sufficient to run 
the dynamo as a motor and its engine at a speed that created 
some surprise. The installation of an under-load circuit 
breaker served to prevent the recurrence of this incident. 
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DCCCXXI.* 


THE EQUIPMENT OF TALL OFFICE BUILDINGS IN 
NEW YORK CITY. 


BY REGINALD PELHAM BOLTON, NEW YORK CITY, 


(Member of the Society.) 


In a space in the lower part of New York City, one mile in 
length and two-thirds of a mile in average breadth, there are at 
present located some fifty-six buildings exceeding 180 feet in 
height, while a few of these range from 200 to 325 feet from the 
sidewalk level. The demand for office accommodation in this 
district began in the vicinity of the Stock Exchange, and has 
developed buildings up the line of Broadway and parallel streets 
as far north as Franklin Street and as far south as Bowling 
Green. The convenience of the various exchanges has grouped 
the different professions and contributing trades in certain dis- 
tricts, and the legal profession has been attracted to the district 
around the municipal buildings and the courts in City Hall Park. 

While at first, when there were few such examples, they re- 
turned a fairly profitable investment without much regard to 
economy of operation, yet in recent years the construction of so 
many great buildings has brought about a sharp competition 
which has called attention to economical equipment and opera- 
tion, and has directed the attention of engineers to the problems 
which they offer. 


Cost of Land. 


The cost of desirably located sites has been of recent years 
greatly on the increase, and in certain advantageous positions has 
reached as high a figure as $300 per square foot. The corner 
plot on which the German-American fifteen-story building stands, 
111 feet on Liberty Street and 79 feet 2 inches on Nassau Street, 
cost $937,000, or about $110 per square foot, previous to the 


* Presented at the Washington meeting (May, 1899) of the American Society of 
Mechanical Engineers, and forming part of Volume XX. of the Transactions. 
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projection of the new building, and was later on purchased for 
the site of the present tall building at $140 per square foot. 

The land on which the Hudson (sixteen-story) building stands, 
facing 45 feet on lower Broadway, extending 225 feet to New 
Street, was purchased some years ago for an average rate of $65 
per square foot, and would for the purpose of the present increased 
building be worth more than double that amount. An average 
value of sites for such buildings as are under discussion would 
now be $150 per square foot. A recent purchase of 1,756 square 
feet of ground by the Stock Exchange on Broad Street is at the 
rate of $244 per square foot, while an extreme was reached by 
the price of $330 per square foot paid in 1882 for a very desirable 
corner site in the same neighborhood. 


Increased Returns. 


Such large amounts as these values represent naturally call for 
a large return from the building occupying the site, such return 
being obtainable in the old five- and six-story buildings only by 
means of increased rentals. High rentals had, however, the reflex 
effect of driving tenants to less advantageous locations in rear 
streets until the height attainable in the modern buildings effected 
a combination of improved accommodation at a reasonable price. 
The effect of the above natural causes has been, therefore, even 
with a greatly enhanced cost of the site, a reduction in renting 
charges proportioned to the increase in rentable area. The com- 
petition between the various buildings has brought the minimum 
rate down from $3 per square foot to below $2 per square foot of 
office space, and includes in this charge light, heat, attendance, 
cleaning, and, of course, elevator service. 


Relative Increase. 


It may be roughly estimated that the increased height of the 
downtown buildings referred to has added to the inhabitable 
area not less than 7,500,000 square feet. Illustrating the relative 
increase of value obtained by height, the four- and five-story build- 
ings occupying the site of the present German-American Building 
represented a renting area of not more than 6,000 square feet per 
floor, which at the old rates of about $3 per square foot per 
annum may have produced a gross rental of as much as $70,000 
per annum when filled, but even this represented only 6 per cent. 
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on the real value of the land alone. The new building has a net 
renting area of about 7,000 square feet per floor, producing on 
fourteen upper floors, even at the low average of $1.60 per square 
foot, $156,000, in addition to which are two large ground-floor 
banking parlors producing about $17,000 and $12,000 per annum 
respectively, also a basement restaurant bringing in $3,000, or a 
gross return of $188,000 per annum, an increase of two and a 
half times as much as the old buildings. On a cost for building 
and equipment of $650,000, and of land $937,000, or $1,587,000 
in all, a gross return of nearly 12 per cent. is thus attained. The 
cost of management, operation of equipment, and city taxes 
naturally form a large increase on the same items in old buildings, 
but under good management and economy do not exceed 50 per 
cent. of the gross rental. It will be evident that the economical 
operation of the equipment forms a decided factor in the net 
balance available for interest. 

As amortgage can be placed on such a building and land for six- 
tenths of its value at a rate not exceeding 4 per cent., the net re- 
turn on the actual capital sunk in such a building may be very high ; 
nevertheless wasteful appliances and accompanying cost of man- 
agement reduce the return in many instances down to 3 per 
cent. Once such buildings with moderate rentals and greatly in- 
creased advantages are established, they form a strong incentive 
to the erection of other buildings of similar or superior character 
owing to gradual abandonment of the older buildings by tenants, 
in favor of those where they find better conditions. The sanitary 
appliances in the older buildings were and are extremely behind 
the times, and have in numerous cases been the cause of tenants’ 
removal. The old three- and four-story buildings on the site of 
the Bowling Green Building, from the above causes, became 
unremunerative and some were closed up to avoid taxation. The 
site, which fronts 157 feet on Broadway, extends 170 feet through 
to Greenwich Street, and was valued at a million dollars by the 
building company. On this site the Bowling Green Building has 
been erected, which is the largest commercial office building in 
New York City, being 240 feet 6 inches average height from 
street levels, and of a gross content of 4,915,000 cubic feet, with 
a floor area of 20,555 square feet on fifteen upper floors, and of 
32,000 square feet on the ground floor and first basement, the 
sub-basement being devoted to mechanical services and storage. 
In this instance the increase in acreage has been enormous, the 
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original 80,000 being raised to 567,500 square feet, or fully four 
times greater renting area than before. The total cost of the 
building was close on two million dollars, and owing to the re- 
markable economy of its equipment and management it has been 
able to pay its way when not more than five-eighths occupied. 


Size of Buildings. 


The best method of comparison of size is that afforded by bulk. 
Representative instances are the following : 

The Bowling Green Offices, 16 stories above street, 235 feet 
high, 5,000,000 cubic feet gross contents. 

New York Life Building—partly insurance—16 stories, 4,800,- 
000 cubic feet. 

Manhattan Life Building—partly insurance—17_ stories and 
tower, 270 feet high, 1,665,000 cubic feet. 

Lord’s Court building—offices—220 feet high, 3,000,000 cubic feet, 

American Surety Building—partly insurance—21 stories, 305 
feet high, 2,176,000 cubic feet. 

These represent either abnormal height or bulk, and of them 
the Bowling Green and Lord’s Court buildings are those built on 
a strictly commercial basis. 

The representative commercial office building now~averages 
200 feet high, and of these there are now a large number. 

Average samples are : 

The Central Bank Building, 16 stories, 1,980,000 cubic feet. 

The German-American Building, 15 stories, 1,400,000 cubic feet. 

The Hudson Building, 16 stories, 1,500,000 cubic feet. 

R. G. Dun Building, 15 stories, 1,200,000 cubic feet. 

The above buildings also afford an opportunity for interesting 
comparison on account of the dissimilarity of their elevator 
systems : 


Boilers. 
1. Bowling Green Offices, 9 hydraulic elevators.............. 720 horse-power 
2. Lord’s Court building, 5 electric elevators.... ........... 420 * ae 
3. Central Bank Building, 5 hydraulic elevators ............ 460 ** 
4. German-American, 5 electric elevators ............ 320. ay 
5. Hudson Building, 4 hydraulic elevators........ 500“ 
6. R. G. Dun Building, 6 electric elevators............ 


All of the above have been equipped to the plans of the author, 
and are, with the exception of the last, heated by the Webster 
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system of vacuum returns with exhaust steam at atmospheric 
pressure. 

The boiler capacity includes, in all but the last instance, a spare 
or reserve boiler. The R. G. Dun Building has a single pipe 
back-pressure system of steam heat, and has only two boilers, 
both being in use in extreme weather. 

The services provided in each are : 


1. Car-miles per hour, 14 to 20 ; lights, 6,200... Bolton vertical system of wiring 


2, “ 9% “4,000... 
4. 11 2,800... Horizontal wiring 

5. “ = 8 3,000... 


Total Cost. 


The cost of average steel-framed 16-story office buildings com- 
plete with equipment, and inclusive of a moderate amount of 
decorative outside treatment in stone machine mouldings or in 
terra cotta, without hand stone-carving, is 36 to 40 cents per cubic 
foot of the gross cubic content, outside measurement. The ex- 
cessively high buildings cost more, also those with expensive 
adornments. The relative cost of the mechanical appliances, 
including power, elevators, heat, light, and sanitation, is approxi- 
mately one-seventh of above. The total cost of mechanical appli- 
ances in a building of 16 stories, basement, and sub-basement, say 
6,000 square feet renting area per floor, was $82,000. 

Or in detail : 


Four to six clovator plant.iincc..scccccscccccecs ... 28,000 to 40,000 
Heating appliances and piping. .............. 14,000 to 17,000 
Electric wiring and switchboard ...............6-.6. 9,000 to 15,000 


The effect of an increase in the cost of these appliances, if the 
same be productive of economy and advantage in operation, is 
very much less in proportion than its importance to the owner. 
For instance, the difference in the above comparative costs would 
amount to $26,000, say 44 per cent. on gross cost of building, 
which would represent fully 50 per cent. more convenience and 
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the best appliances for economy throughout. It has, however, 
been difficult at times to induce owners to spend on economical 
appliances a small fraction of the sum laid out on non-remu- 
nerative outside or interior adornment. 

The difference between a compound and a triple-expansion 
pump may be, say, $1,500, and be begrudged, while the difference 
between marble trim and other substitutes .in the hall will be 
$15,000 and be freely expended. 

These are difficulties met by engineers everywhere, yet in no 
case do they appear so forcibly. It is satisfactory to relate that 
such instances have been rather due to the present faulty system 
of letting general contracts inclusive of machinery than to the 
owners’ short-sightedness as regards the advantage offered. 


ky u ipment. 


The value of office buildings to the business community is 
based on the improvements they offer, which are chiefly of a 
mechanical character, and further examination of the require- 
ments will make it evident that the importance of the mechanical 
equipment considerably outweighs the value of any architectural 
features. 

The details of direct interest to mechanical engineering science 
in these great buildings may be grouped as follows : 

The character and arrangement of mechanical plant. 

Elevator service and the limitation of the height of buildings 
by the proportions of same. 

Piping and connections. 

The power plant, chimneys, coal supply, feed-heating, and waste 
heat. 

Heating, ventilation, and refrigeration. 

Fire protection and water supply. 

Electric lighting, wiring, generators, and storage batteries. 
Telephone and electrical services. 

It will be obvious on a moment’s thought that each one of these 
subdivisions is of sufficient importance, if treated with any fullness, 
to exceed the limits of a single paper. It is the object of the 
author at present to refer briefly to some of the problems con- 
nected with the arrangement of the mechanical plant of such an 
office building, as determined by the usual conditions which are 
prescribed. 
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Location of Piers, Ete. 


The author’s remarks are not intended to comprehend the de- 
tails of the framing or building construction of these tall build- 
ings, except in so far as they relate to the mechanical equipment 
required to operate them, but a brief véswmé is necessary of the 
features of New York practice in respect to pier and foundation 
construction which bear on the subject of the arrangement of the 
plant. 

The lower portion of New York City is composed of rock and 
sand, the rock being very irregular in outline, but roughly com- 
posing a ridge or hump on the line of Broadway, often dropping 
off abruptly. The sand is the floor of the glacial river-beds east 
and west, and is firm and affords a good foundation. At the 
extreme end of the promontory and along the west shore there is 
a good deal of made ground, but only one of the tall buildings 
with which the author has been associated trenched upon this, 
and in that case was carried below its level. Where the sand 
overlays the rock in a shelving form, the foundations are carried 
to the rock, but a number of buildings exceeding 200 feet in 
height have had their columns set on isolated concrete piers laid 
on the sandbed. 

Such piers are usually 6 feet square at the base, are 2 to 4 
feet thick; on top is set the shoe of the column upon a plate 
about 4 feet square. 

The columns forming the walls are similarly treated, but the 
piers are usually united by a footing of concrete on which the 
curtain walls are run up. These piers have to be avoided in 
arranging foundations for machinery or in laying subsoil piping. 

In one instance, that of the German-American Building, where 
the foundation was on sand, the Chicago method was followed, 
of spreading the bases over the entire area by a gridiron of 
I-beams, the lower series extending to a width of 11 feet, making 
the location of machinery a very difficult problem. The accom- 
panying plan illustrates the arrangement of machinery effecting 
this result. 

In the Bowling Green Building many of the columns could 
have been set on the bare rock, on the northern half of the build- 
ing, but the concrete blocks were required by the regulation of the 
Department of Buildings, and the rock was blasted out for the 
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purpose. The rock shelved off towards the Hudson, and degen- 
erated into a conglomerate, which proved to be watery, reaching 
to the original shore of the river within historic times, where 
made ground began. The natural water level is above the sub- 
basement. 

In the Hudson Building, just across Broadway, the same depth 
of excavation did not expose the rock, and piles were driven about 
20 to 30 feet through sandy clay to bedrock, the water level 
standing about 2 feet below the sub-basement level. 

The method of support of this building, which was designed by 
Mr. Henry Hodge, M. Am. Society of Civil Engineers, consisted 
of a concrete bed formed on the pile tops, standing on which are 
exposed plate girders, 5 feet deep, across the sub-basement, on 
which the columns stand. Within the spaces thus formed, the 
plant had to be arranged, which was accomplished as shown in 
the accompanying plan. 

In the Lord’s Court building there is no sub-basement, but 
advantage was taken of the diiference in level between the street 
and the Lord’s Court at the rear to afford air and light to engine 
and boiler rooms. This building is carried on brick piers under 
each column in the usual mannér. In all buildings the columns 
and bases are cased in with fireproof brick or terra cotta. 


Space. 


The general practice now provides a sub-basement for the pur- 
poses of the plant, providing much more space than could be 
afforded nearer the street. Yet such are the demands of busi- 
ness that even sub-basement space is valuable, and cannot alto- 
gether be devoted to the engineer. Such sub-basements are also 
very difficult places to provide with air and light, for which a 
very early demand must be made, if they are to be secured. The 
height generally is not less than 10 feet, which, however, is 
insufficient for water-tube boilers; therefore the fireroom is 
usually excavated to a further depth, exposing the bases of col- 
umns and frequently going below the water line. 

In laying out the four arrangements illustrated in Figs. 305, 306, 
307 and 308, the guiding consideration has been to so locate the 
boilers that the fireroom will have a natural supply of light and air, 
and shall be readily accessible from the engine room. The author has 
departed in each instance from the practice of placing the boilers 
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under the sidewalk, and has preferred even so long a flue as that 
in the Bowling Green Building, which is 240 feet in length, to a 
less advantageous position for the fireroom. It must be recorded 
that the location of the chimney is usually fixed beforehand by 
the architect. In the Bowling Green Building it could hardly 
have been in a worse position. In the Lord’s Court building 
the shape is faulty. 

The disposition of the main engines and pumps is chiefly 
decided by the position of the foundations of columns, and the 
necessity of access and repair. The arrangement of auxiliary 
pumps is such that they shall be so readily reached by the fireman 
that it shall be unnecessary for the engineer to stand by them at 
all times. 

This also enables the engineer, at certain hours of light duty, 
to attend to the firing. 

The relative position of the coal storage to the fireroom is of 
less consequence than its proportions. The fireman may easily 
attend to his own coal-passing if provided with a track. But 
unless the coal storage is large a coal trimmer must be kept to 
receive the daily supply. Trimming in the store costs, in certain 
buildings, 5 to 15 cents per ton. Such a large storage as 
the Bowling Green, which can contain 420 tons, has been found 
of advantage in reducing the price of fuel about 10 cents per 
ton, as it is not required to be delivered at any particular hour. 

Buildings on Broadway are not permitted to receive coal or 
remove ashes and paper during certain hours, and consequently 
have to pay more for each convenience. The cost of removal of 
ashes under such conditions is 65 cents per truckload; but 
where the ash cans can be taken at any time, as on a rear street, 
the city removes without cost. 


Labor. 


A considerable variety and extent of labor is required in office 
buildings, and may be reduced by carefully planned arrangements 
and appliances. 

The general superintendence is commonly delegated to a rent- 
ing agent, who is paid by a percentage of 3 to 5 per cent. on 
the rentals received. The actual duty of superintendence then 
falls on an employee who has, generally, a number of such build- 
ings in charge, which are therefore largely left to the mercy of 
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the janitors. A better method is followed in some buildings by 
the addition of the duty to that of the chief engineer, when much 
closer supervision over details of operation is possible. 

The rates of wages per week are as follows in an average 
sixteen-story building : 


One janitor, without residence... $15 
Four to six elevator boys, with uniform.................... 10 to 12 
Twenty to thirty scrubwomen (5 to 9 P.M., 6 to 9 A.M.)...... 6to 8 


and the following in the engineering department : 


One assistant engineer. 20 to 22 
One assistant, or night fireman................ 13 to 14 


City Ordinances. 


The chief engineer must carry a police certificate, and the 
assistant engineers generally do so, while some work on a fire- 
man’s certificate. Firemen’s certificates are issued by the Police 
Department after an oral examination by the Chief Inspector of 
Boilers. 

This department has power to inspect and test boilers operat- 
ing over 10 pounds pressure per square inch, and to issue fire- 
men’s licenses for same. 

Inspection is rarely exercised, and the test is simply the hydro- 
static application of double working pressure. The inspectors 
have no authority to deal with improper settings, proportions, or 
connections, but do usually require, where more boilers than one 
are set in battery, two separate stop valves to each boiler, with 
a drip between the two,,without which they decline to make 
the test. 

The Department of Buildings has power to prevent the opera- 
tion of ar? electrical power plant which does not comply with 
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its electrical regulations, for which it issues an operating license 
to the owner. 

The departments of Health and of Buildings have excellent 
regulations regarding sanitary appliances, but the [Health ordi- 
nance respecting the exclusion of steam and vapor from the sewers 
is constantly violated. 

It is remarkable that the only trade employed in these large 
buildings which is subject to no regulation or supervision by 
authority is that of steamfitting. With the sole exception of a 
building requirement as to the protection of pipes concealed in 
proximity to woodwork, no demand can be made on them by 
authority, notwithstanding the numerous accidents which have 
been caused by faulty steam-piping. 

Another matter demanding extension of authority is the dis- 
charge of heated air on sidewalks from the engine and boiler 
rooms of office buildings. 


Street Supplies. 


There are in New York extensive purveyors of electricity, both 
direct and alternating currents, and steam under pressure. 

The latter extends over the greater portion of the downtown 
district. All, as well as gas and water, naturally demand con- 
sideration as to their use in operating plants. 

The author, in comparing cost of these supplies with the ex- 
pected results of an independent plant, has found, at existing 
prices, the advantage to be in favor of the latter. 


Steam. 


The steam supply is provided over the downtown portion of the 
city at a pressure of 70 pounds per square inch, while an economi- 
cal use can be made in these buildings of 100 or 120 pounds pres- 
sure. The price of the steam supply is proportioned on the extent 
of its use, yet on largest and lowest basis it is in excess of the cost 
of local generation of steam. The case may be the reverse in 
smaller buildings, chiefly by reason of an economy in labor, but in 
the large office buildings a staff of men is necessary for main- 
tenance and emergency work, and the wages of one fireman only 


represents about 16 per cent. of the full bill in an average 
building. 
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The New York Steam Company have abandoned their attempt 
to regain the condensed water from these buildings, their efforts 
having proved futile with their past apparatus. Consequently 
their steam is raised under less favorable conditions than is the 
ease in the large buildings. 

It would seem that successful extension of this steam supply in 
future largely depends on the adoption of the modern methods by 
which this desirable feature can be assured, and their prices of 
steam thereby reduced. The difficulty of disposal of the hot con- 
densed water from the large buildings is an objection to the use 
of this service. 


Gas. 


At the present price of $1.10 per thousand cubic feet of gas a 
brake horse-power-hour can be obtained by a gas engine for a cost 
of 2 cents. This is certainly a low figure, and one that enters 
very closely into competition with steam. There are, however, 
certain disadvantages in the use of gas engines for these large 
buildings, which have hitherto deterred the author from their 
adoption. The great size of the units required is one, the liability 
to noise and to vibration is another. As the machines would be 
situated in the basement, the least vaporous smell of gas would be 
promptly objected to by tenants. 

The question of irregularity of motion in lighting work can, no 
doubt, be disposed of by combination with a storage battery. 

The same remarks apply to the use of the petroleum engine, 
which, however, is at present limited to units of not exceeding 50 
effective horse-power. With these economical machines one brake 
horse-power can be obtained, at present prices of oil, for 1 cent 
per hour, 

Electricity. 


The electric supply of the illuminating companies forms the 
most serious competitor with an independent plant. At present 
prices for power the nominal rate is 10 cents per horse-power-hour 
by meter, and users of large quantities can scale this rate down to as 
low as 4 cents per electrical horse-power-hour on a use of 10,000 
horse-power-hours per annum, with a still further reduction of 
about one-half cent if a storage battery be adopted. 

But although the offer is of a temptingly simple and apparently 
advantageous character, a still further reduction in rates is re- 
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quired before the supply can compete with the results of a really 
economical independent plant. This reduction is probable, and, in 
combination with the storage battery and electric pumping for 
hydraulic elevators, the question will have to be reconsidered in 
the future. The charges must, of course, be increased by the cost 
of maintenance and interest on cost of the battery. 


At the time of the establishment of the Bowling Green Building a 
a careful computation showed, at the net price for lighting current J 
of 8 cents per kilowatt-hour, including lamp renewals, and at the 
then price for elevator power of 7 cents per kilowatt-hour, an $i 


advantage in favor of an independent plant exceeding $5,000 
perannum, The results of operation have shown a still larger 
advantage, as the plant was debited with the services of an engine- 
room stalf of nine men, whereas it is now operated by only five 
hands. 

The item which largely operates in this comparison is the util- 
ization of exhaust steam in house-heating for the LOO or 120 days 
of cold weather. 

The cost of a horse-power-liour for power, oil, and repairs, 
generated by an independent plant, may be, with economic 
arrangements, as low as 24; cents, and a fair figure, inclusive of 


interest and depreciation, is 2,4, cents; adding one-half share of all 


engineering labor, which is more than its due, a covering figure is 
3 fy cents. 

The installation of an independent plant has, so far, been decided 
by these considerations and by its relative superior economy. In 
future it is quite possible that this economy will be on the other 
side, but the use of such plants will, nevertheless, probably con- 
tinue on the ground of the desirability of independence of outside 
supplies. 


Such an argument recently received forcible illustration when 
the entire steam supply of the New York Steam Company was 
cut off by the action of a Water Department foreman, in turning 
off a valve in the main, the steam heat, elevators, and lights of 
upwards of four hundred buildings being cut off from 3 p. mM. to 9 
P.M., causing most serious disorganization and loss. 

The above considerations are those which lead up to and affect 
the decision to employ and install an independent plant in office 
buildings, such as those described in this paper, 
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DISCUSSION, 


Mr. William H. Bryan.—Mr. Bolton has * tilled a long-felt 
want” in placing on record his figures as to value of ground space, 
dimensions of building, cost of mechanical plant, salaries of em- 

ployees, cost of outside steam and electrical service, and the cost of 

generating power in isolated plants. Experience in large build- 

ings in St. Louis is similar. In nearly every instance it has been 

found that electrical service can be generated more cheaply in an 

isolated plant than it can be purchased from an outside company, 

even at the special rates usually given to this class of service. The 

only exceptions are where there may be an abnormally high de- 

mand for lighting or power ata time when the plant of the central 

station is underloaded, under which conditions very attractive rates 

are made. The advantage of the isolated plant lies in the facet 

that for nearly one-half of the vear coal must be burned for heat- 

ing anyway, Which heating can be done quite as satisfactorily with 

exhaust steam from power engines, with practically no additional 

cost for fuel. 

The basement plans which Mr. Bolton submits are interesting. 
IT was particularly impressed with the large coal storage space 
Which is always provided, and the distance which the coal must 
be transported to reach the boilers. The use of so much valuable 
space for coal storage, and the necessity of repeated handling of 
the fuel, seem undesirable features. My own practice is to arrange 
the coal storage space immediately in front of the boilers, and 
make it large enough to hold only two or three days’ supply. 
The coal is dumped directly from the street into this space, and 
fired directly into the boilers. This loeation usually affords ample 
light and air, 

The great length of smoke flue, and the number of abrupt 
bends, would ordinarily be considered objectionable, but with a 
chimney 200 feet high or more the draft is no doubt ample to 
overcome the increased friction. 

The advantages of the electric elevator in simplicity and arrange- 
ment of generating plant are well shown by comparing Fig. 306 
with the others. 

I would like to ask Mr. Bolton whether the storage battery 
belongs to the building or to the Central Edison Company. I 
had an impression that the battery in that building was a part of 
the Edison Company’s system. 
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Mr. FB. P. loberts.—Not having had any personal experience in 
designing engineering equipment for buildings in New York City, 
I can merely note certain points in the article from the standpoint 
of one who has had experience in designing similar equipments in 
other cities. 

I note that Mr. Bolton considers that the necessity often forced 
upon the engineer in specifying machinery which is not the most 
economical, all things considered, for the given conditions is due 
to the letting of general contracts inclusive of machinery, rather 
than the owners’ short-sightedness as regards the possible, or 
rather, sure, advantage of machinery of greater first cost. If such 
is the case in New York, the owners have been educated up to a 
higher plane in such matters than exists in some other places. 
Very often the owner leaves all matters to the architect, who 
desires to erect a building having as handsome architectural fea- 
tures as possible, and still at the minimum cost. This is certainly 
proper, but in order to keep down the cost he prepares preliminary 
estimates for machinery possibly of a reliable character, but not 
unlikely less efficient than the case justifies. Very often he ob- 
tains his figures from contractors who desire to stand well with 
him, and who do not wish to be considered “ high” men, and 
therefore give figures for cheap installations. If an engineer is 
afterward employed and advises more expensive material, it is 
much more difficult to obtain the necessary money than it would 
have been in the first instance. 

If the client and also the architect not only appreciate the fact 
that the expenses of operating the machinery are a very consider- 
able portion of the total operating expenses of the building, but 
also that a very slight modification makes a difference of at least 
10 per cent. in such expenses, there would be greater probability 
that the most desirable plant would be installed, and that an 
engineer would be engaged at the start. 

Men about to erect a building often think that the architeet 
should know all about it, and that they do not need an engineer, 
much less one who has paid special attention to such matters. 
The architect himself does not usually appreciate the fact that an 
engineer is needed, and if he does, does not disabuse the owner’s 
ideas upon the subject. The writer has had experience with both 
clients and architects who did appreciate it, but believes that 
they are rare. For example, we have had bids brought to us to 
advise which was the best to accept, and the machinery bid on 
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Was so varied in size and character that no comparison could be 
made, and we have so stated. Nevertheless, the architect made a 
contract with one of the bidders, and if he obtained the best 
results for the least money it was a happy coincidence. 

We have been asked to state what sizes of boilers were needed 
for a certain building, without giving us any information more than 
that a certain number of elevators were to be operated, and a fan 
for heating and ventilating, and also that there would be direct 
radiation. A request for information as to size of pumps, speed 
of elevators, and number of trips per hour, and size of fan and 
heating surface to be used, and the amount of direct radiation, and 
also request as to size of stack provided by the arehiteet, and 
character of furnace, was met by the answer that it was con- 
sidered that such refinement was unnecessary ; all that was wanted 
Was a“ practical opinion.” We believe we could have guessed, 
from having a slight knowledge of the building, within 50 per 
cent., possibly closer, but a comparatively small expenditure of 
time on our part, and of money on the part of the inquirer, would 
have eliminated the guessing and brought the data to within the 
limits of our ability to decide accurately upon the factors to be used. 

I note Mr. Bolton's statement relative to begrudging money for 
compound or triple expansion pumps, and have had the same ex- 
perience. I also note that for fan systems a common specification 
by architects is to state merely the number of times the air must 
be changed per hour in the building, or possibly in certain rooms, 
without any reference to the dimensions of the fan. Naturally, 
the smaller the fan the lower the bidder can make his price. We 
recently tested a fan taking 15 horse-power, and doing the work 
in accordance with the contract, whereas half the power would 
have been amply sufficient with a fan of proper size. 

Also, as stated by Mr. Bolton, the location of the stack and its 
dimensions are very liable to be bad, sometimes the location neces- 
sarily so, though in other cases it might have been modified if the 
boilers and other machinery had been located conjointly by the 
engineer and architect. The matter of getting over the boilers 
is often a serious one, and if tubular boilers are used it is not 
infrequent to find that when new ones are desired they must be 
built in place. 

Relative to the advisability of installing isolated plants, I be- 
lieve that in nearly every case where there is a sufficient amount 
of machinery to necessitate the constant attention of a good 
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engineer it will pay to install electric light machinery. This 
is especially true where heating is needed for from six to seven 
months in the year. Where heating is needed for a shorter time 
the additional expenditure may or may not be justified. I have 
in mind, however, one plant where I advised, after careful con- 
sideration, and I believe properly, the installation of a gas engine 
and storage battery, which would be used during the summer 
months, and a steam engine to be used during the winter months, 
utilizing the storage battery at the same time. In case of break 
down of the steam engine and its dynamo the gas engine could 
be used. In ease of break down of the gas engine, steam could 
be used if necessary. It was, however, very desirable that there 
should be no heat in the building during the summer months. It 
was also the case that a few times during the winter there would 
be more load than could be carried by either engine plus the bat- 
tery, and at such times the gas engine could be used as an auxil- 
iary. There was no question on anybody's part that this was the 
most desirable arrangement for the given conditions, but unfor- 
tunately it was found that the natural gas, which we were at first 
informed could be depended upon, would, not unlikely, give out 
Within a comparatively short time, and that therefore a steam 
plant only would be installed. 

I believe there will be a considerable growth in the next few 
years in the use of gas engines and storage batteries, and that a 
portion of such growth will be in isolated plants. 

As an engineer interested in such matters, | thank Mr. Bolton 
for giving figures in connection with his paper, and when his 
paper was received I intended to write more fully on the subject, 
and also to present a number of figures, but time has not allowed. 

Mr. Geo. I. Rockwood.—W hat is the present status of the great 
central station, considered as a competitor of the power plant 
located within a given building? If Mr. Bolton will treat on this 
question in detail I shall be under obligations to him. I should 
also like to ask Mr. Bolton if he has had any experience with 
storage batteries in office buildings, and if so, whether he advises 
their use ? 

Prof. R. H. Thurston.—This paper is an extremely interesting 
and instructive one and a modei of its kind. I am particularly 
interested in the statements made regarding “city ordinances” 
and boiler inspection. 


It is obvious to the most uninformed and inexpert that one of 
57 
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these tall buildings is peculiarly subject to danger of destruction 
in case of explosion, and that the most rigid of precautions are 
here justified in regulations prescribing the character, the con- 
struction, the operation and the inspection and licensing of steam 
boilers and their attendants. If, as here stated, and as is no 
doubt the fact, “inspection is rarely exercised, and the test is 
simply the hydrostatie application of double the working pres- 
sure,” the revision of the inspection law is as evidently imperatively 
demanded, and if the inspectors “* have no authority to deal with 
improper settings ” and other accessories, it is equally imperative 
that additional authority should be secured and exercised. While 
not at all probable, I imagine, it is perfectly conceivable that a 
steam-boiler explosion under one of these structures might wreck 
the whole pile, and it would always be liable to start a fire where 
combustible materials happen to be at hand. The heavy walls 
and foundations and the fireproof character of such buildings 
constitute a very effective insurance against such consequences ; 
yet “it is the unexpected which happens,” and one would think 
that the rules for regulation of the use of boilers in these basements 
and sub-cellars and under sidewalks would be the most stringent 
anywhere adopted. It would seem at least possible that the 
authorities might be instructed in such matters—of which they are 
possibly not well informed—and no better missionary work could 
be done than that of assisting these departments in perfecting 
their regulations and in securing ample authority to enforce 
them. 

The cost of the unit space in these great piles, even in their 
basements, is so great that it may perhaps operate to insure the 
choice of the most compact forms of boiler, and those, fortunately, 
are the forms of greatest safety against disastrous explosion; but 
it is, one would think, late enough in the century to expect in- 
telligent legislation on such matters and expert direction of the 
work of installation and of later inspection; insuring the adoption 
of forms of maximum safety and methods of effective inspection 
and regulation. There is no excuse, at this date, for medieval 
construction or methods. 

It would be interesting to know—and I have no doubt that the 
writer of the paper can inform us—just what difficulties stand in 
the way of such regulation and practice as expert practitioners, 
such as are many members of this Society, would approve. It has 
always been my conviction that this Society, officially and through 
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private action on the part of its members, has many opportunities 
for such missionary work as here offers. A good building law, 
applicable to this class of buildings particularly, a good system of 
inspection, and, above all, an effective system for securing a good 
official staff and exact and expert enforcement of the law and the 
regulations of the police and building departments, would seem to 
be greatly needed in many of our large cities and probably no less 
in New York than elsewhere. It is the business men of the com- 
munity, and especially the members of the technical professions, 
who must compel the construction of proper regulations and their 
enforcement. 

Mr. Frank M. Ashley.— In looking through this paper, I no- 
tice that, among the things treated of, the author speaks of the 
protection from fire. To my mind this is a subject of great im- 
portance, and one which I have carefully studied, and I believe 
that it is one which should have more careful attention from 
engineers in the designing of these buildings than it has hereto- 
fore received. I find in going through many of the large build- 
ings, especially the older buildings, that instead of having straight- 
way valves many of them are equipped with globe valves and 
many of them with gate valves of a smaller capacity than the pipes 
that lead to them. Now, where a valve is inserted in a stream 
of water the velocity is cut down very greatly. 

I was present at the fire in Naething’s restaurant, in Cortlandt 
Street, a very short time ago, and the Taylor Building, which is 
very near it, opened the streams from its reservoirs on the top 
of the building, and considering that those streams were intended 
as a protection against fire they were ridiculously small, and 
practically played no part in preventing the spread of the flames. 

Some time ago I was much interested in what is known as the 
ball nozzle. I have the honor to be the first one to apply that 
principle to the spraying of water, and the National Ball Nozzle 
Company took the invention up, but unfortunately, on account of 
disagreements between that company and the American Ball 
Nozzle Company, they got toa point where they did not manu- 
facture further. In testing nozzles of different designs and of 
different makes the importance of keeping straightways for the 
water, without either rings or projections on the interior of the 
pipes or valves, was shown to be a very important matter. It 
was found that by putting a globe valve between the supply and 
discharge, the velocity was cut down more than one-half, and 
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in many other nozzles whieh were designed to throw a stream 
of water from the end of the hose, the stream was cut down a 


great percentage on account of the turn or change in the water, 
due to the formation of the interior of the nozzle. 

The mains in many of these buildings appear to me too small, 
and the connections and fittings which are used in many cases are 
decidedly inadequate, and should receive the careful consideration 
of engineers. 

Mr. Bolton —A question was asked me with reference to the 
storage battery in the Bowling Green Building. That is a bat- 
tery which is the property of the Edison Electric Illuminating 
Company, and is a sub-station of theirs. It was, however, in- 
stalled specitically for the purpose of taking the lighting load of the 
Bowling Green Building, which involves 6,000 lights, and whieh, 
had it been carried from their existing system, would have neces- 
sitated new mains from the Duane Street station, costing, I be- 
lieve, about $48,000. The money was probably better expended 
by the Illuminating Company in installing this battery and in 
making the arrangement with the Bowling Green Building which 
they did, whereby they rent this portion of the cellar on very 
long rental at a low rate, and supply the building at a spee ially 
low rate as well, so that everybody's back is scratched. The bat- 
tery has been a very great success. It has been described before 
other societies, and its operation has been such that the Duane 
Street station has been relieved of its heaviest peak of load during 
a certain portion of the day, and, | am told, has been shut down 
for three hours entirely, owing to the relief afforded by this battery. 

With reference to the general subject of the use of storage bat- 
teries, ] would like to say that [am a strong believer in their 
coming use, and most especially have been an advocate of their 
use in connection with electric elevators, a subject which will 
probably be dealt with in more detail later on. But I have in- 
stalled storage batteries in other buildings, and notably in the 
R. G. Dun Building which is referred to here, in which the 
battery is located on the roof of the building, thereby occupying 
no space which is valuable for rental, and doing away with all 
the difficulty of getting rid of the fumes. I may say that the 
difficulty with the fumes is not an inconsiderable one, because 
the tenants of these buildings are exceedingly touchy, and if 
they smell the least thing that is disagreeable they want to get 


out at once. In the Bowling Green Building the battery is 
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vented by a 36-inch fan, blowing into the angle of the boiler flue 
and forcing the air up the chimney. 

The question of the location of the coal bunkers in these build- 
ings is generally fixed by the facility for getting the coal in, 
either on a back street or by the limits of the headroom. Very 
often these buildings, while they are deep on one street, will meet 
a street. behind which is at a lower grade. That was the case in 
the Hudson Building which is illustrated here. There we only 
had about 7 feet headroom. It was imanifestly impossible to 
deliver the coal by gravity if the coal bunker was removed any 
distance from that place; while the boilers, it will appear to you 
on examination, could not possibly go any nearer to that back 
street than the space they occupied. Also in the Bowling Green 
Building the same problem cropped up. Much difficulty is dis- 
missed by storing a very large amount of coal, as in this case, 
where there is storage capacity of 420 tons, which has proved of 
the utmost value to them in extreme weather. During the recent 
blizzard they were not in the least danger of shortage of coal, 
while many buildings had to pay extravagant prices for coal to 
keep them going. I have in mind a building sixteen stories high, 
in Cedar Street, in which, owing to the futile way in which the 
machinery was placed, they had exactly 10 tons storage for 
operating a building whose demand is 7 tons a day. The coal is 
delivered down this small bunker to boilers which are located 
alongside the elevator pumps, which is not a very good place for 
the latter, and the result has been that that building has been par- 
tially closed down at times for the want of coal; and finally the 
owners concluded to drop their independent plant altogether and 
take steam and electric current from the street, which places them 
at a considerable disadvantage as regards cost. 

One gentleman here referred to the very wide subject of fire 
protection. No subject is of more importance in these buildings. 
In fact, the first conception of them, I think, is that they shall be 
fireproof structures, and I may fairly say that no one has given 
more attention to the details of fire protection in tall buildings 
than I have myself, as I have fought now for four years past for 
proper appliances to be installed. Referring to the interesting 
occasion mentioned of ‘the fire ina restaurant near the Taylor 
suilding, I can very readily tell why those very small streams of 
water were delivered onto the roof. Most of those older tall 
buildings are provided with tanks on the roof, the water being 
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pumped up to them, and not into the mains, by a small pump 
Which can scarcely be called a fire pump. The jet which is de- 
livered from the tank is of course a gravity jet only. Now, from 
a hose on any floor underneath that tank the only jet that you 
can get out is due to the head between the tank and that floor. 
It is manifest that pouring a little stream such as would be pro- 
curable on the sixteenth story of a building is futile. I installed 
in the Bowling Green Building, and in nearly all of the buildings 
referred to here, the pressure-drum system, in which drums are 
loeated in the cellar and are used as standing pipes for house sup- 
ply. A fire pump discharges into those, and all the drums are 
cross-connected. They are two-thirds filled with water and one- 
third with air. A large pipe is carried out to the street main, with 
a Siamese union on it, through which the fire department can 
pump into these stand-pipes. The risers connecting the hose 
pipes on different floors are carried up from that stand-pipe sys- 
tem as straight as possible, and are not disconnected from the 
house system. That I consider to be a vital point. If you do 
disconnect them, then the engineer or the janitor will surely drain 
the fire pipes, which will be full of air at the critical moment when 
they ought to be full of water. Consequently, I do not design 
them to be disconnected. But if the fire pump is started up, and 
a high pressure is required, which may go up into hundreds of 
pounds per square inch, a check valve shuts down on the house 
connection and prevents that high pressure reaching the house 
fixtures. With such an apparatus I have thrown a 60-foot jet on 
top of a 200-foot roof, in the presence of the representatives of the 
fire department of New York City, which was described by them 
as a good jet in putting outa fire. This subject will bear consid- 
erably more detail, and I hope on some other occasion I may be 
able to devote more time to it. 

I would like to add that if Mr. Roberts’ remarks could be 
added to my paper I would very willingly adopt them as part of 
my own experience and my own wording. I have been through 
all this unhappy experience of having to put in inferior ap- 
paratus, while marble fronts and trimmings of all kinds are 
going into the halls, and caryatides and other animals are 
being fitted on the front of buildings. We have had cases 
where a building is at a permanent disadvantage of many tons 
of coal per annum, and having to pay extra wages for all time 
because the owner wanted to spend money on these monu- 
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ments of ingratitude which stand on the front porches of these 
buildings. 

Mr. Rockwood.—May I be permitted to question Mr, Bolton a 
little further in regard to storage batteries‘ Ifis answer dealt 
with their use in connection with electric elevators, but not with 
reference to lighting. 

I had the idea—and have put it into practice in one case—that 
a storage battery might be a wise investment, notwithstanding 
its heavy depreciation account, if used with a lighting plant, the 
load being handled in this way : A battery large enough to carry, 
let us say, one-half of the lighting load during the period of 
greatest demand could be “ played into” by an engine of smaller 
size than would otherwise be necessary, during the entire day. 
Thus the exhaust steam from that engine would be constantly 
available for heating the building. Then at the lighting time 
the battery can be run on its own cireuit and the engine and 
its generating apparatus be applied to the balance of the light- 
ing load. Whether the interest and cost of maintenance of 
the battery would nullify the economy of heat I don’t yet 
know. 


ae 


The need for storage batteries in these tall office buildings is a 
growing one, and should be amply discussed. 

Mr, Bolton.*—To Mr. Rockwood’s questions I can only reply 
here that the subject of storage batteries is an important one, and 
of too wide a nature to deal with in a discussion. I have the 
intention of bringing up results obtained with the use of the 
battery in connection with elevators, but this is deferred until the 
plant shall have been in operation for a sufficient length of time 
to demonstrate its endurance. 

An illustration of the difficulty presented in the cost of out- 
side sources of supply is afforded by the fluctuation in cost of 
two of those sources of power mentioned in the paper, since its 
reading. 

Gas has been temporarily reduced to 65 cents per thousand 
cubic feet, and oil has been advanced nearly 100 per cent. 

Professor Thurston’s remarks are extremely practical, and I am 
glad to have drawn his attention to the subject of the absence of 
proper regulation, by authority, of boilers and steam-fitting. 

I have always maintained that the Department of Buildings 


* Author’s closure, under the Rules. 
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should be armed with authority on these subjects, but in every 
attempt which has been made to amend or improve the present 


building laws no representation of mechanical engineers has been 
provided on the committees dealing with the subject, and until 
this is done it is hopeless to expect attention to be given to the 
matter, 
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Tue central heating plant described in the following paper is 
not a model one, and the reason why it has been thought worth 
the while to present this description of the plant, with tests of the 
same, to the members of “the American Society of Mechanical 
Engineers must, therefore, be another one than that of setting it 
up as an example to be followed. The reason ought to be found 
in the fact that in laying out and enlarging the plant difficulties 
had to be met and solved, which it might be interesting to have 
described, even to those who have been in position to lay out a 
model plant. Furthermore, published tests of Western plants of 
this character are not numerous, and, as in steam engineering 
only a large number of tests serve the purpose of giving a guide 
for the future, the following paper may also in this direction con- 
tribute something to the experimental knowledge for which our 
profession hungers. 

The principal difficulty met with in laying out the central heat- 
ing plant of the University of Wisconsin was that a boiler house 
already existed, from which power and heat were furnished for 
three adjacent buildings. The location of this boiler louse was 
hardly the best one even for these three buildings; but when it 
was determined by the authorities to heat all the buildings from 
a central plant, it was at once seen that the location was a bad 
one for several of the buildings. But so much money had already 
been expended on the boiler house, it being a very substantial 
and somewhat ornamental building, together with the chimney, 
it was determined by the regents of the university, in 1894, 
that the old boiler house should be enlarged and remodelled so 


* Presented at the Washington meeting (May, 1899) of the American Society 
of Mechanical Engineers, and forming part of Volume XX. of the Transactions. 
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that all the buildings of the university—except those of the Agri- 
cultural Department—-could be heated from it. The accompanying 
plan of the boiler house and buildings (Fig. 300) shows their rela- 
tive positions ; and it will also be seen, from the numbers placed 
next to the various buildings, that these are located on the slope 
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of a hill, the boiler house being about one-third way up, so that 
several of the buildings are on a lower level than it. The proper 
location for the boiler house would have been on the lake shore, 
both because all return water from the several buildings could 
have been returned by gravity, and also because of the hauling 
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of the coal and the disposal of the ashes. 


The original boiler house was a square building about 50 feet 
sxach way, and, in order that Science Hall, the chemical labora- 
tory, and the machine shop might be heated from it, the floor 
had been sunk about 13 feet below the surface of the ground 
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in front of the building. It contained, in 1894, when the writer 
of this paper was instructed to remodel the plant, the following 
boilers: One large internally fired flue boiler, 125 horse-power ; 
one 66-inch by 18-foot return tubular boiler; two 50 horse-power 
Heine boilers; and one 50 horse-power Root boiler. These two 
Heine boilers furnished the steam for the engine in the machine 
shop and for the pumps at the lake shore. In addition to the 
buildings mentioned above as being heated from the boiler house, 
the Law Building had been connected with the boiler house by a 
tunnel in 1892; and it was at this time that the 66-inch by 18- 
foot boiler had been installed in the boiler house for the purpose 
of furnishing steam for heating this building, which had just been 
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Dut, as stated above, 
the location of the central heating plant was not determined with 


simply the future economy in view, but because of previously 
invested capital, and things had to be arranged as best they 
could. 
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completed. The boiler house was also connected with the pump 
house, machine shops, chemical laboratory, and Science Hall by 
tunnels, the location of which is shown on the general plan, and 
which had been built in IS85-86, when the boiler house and 
these buildings had been erected. From the accompanying 
sketch (Fig. 310) arrangement of the boilers in the boiler house at 
that time will also be seen; and it hardly needs to be stated that 
the arrangement was a very bad one, both as to vonvenience and 
utilization of space. 

The gymnasium and armory of the university were nearing com- 
pletion in 184; but the plans of this building provided for two 
60-inch by 16-foot return tubular boilers to be placed in the build- 
ing, and the boilers had already been bought by the contractor, 
when the regents of the university determined to heat the build- 
ing from the boiler house. Two of the old buildings of the uni- 
versity, North and University halls, had up to this time been 
heated by stoves and hot-air furnaces, and the regents the same 
year determined to put new heating apparatus into these two 
buildings, the steam to be furnished from the boiler house which 
now was named the central heating plant. 

As a consequence of these changes the old boiler house had to 
be enlarged to such an extent that there would be room for boilers 
sufficient to furnish steam for three additional buildings, of which 
one especially was quite large, viz. the gymnasium, containing 
about 1,700,000 cubic feet of space. In addition it was determined 
to make the building so much larger that it might house several 
more boilers, so that other buildings might be heated from it in 
the future. In 1806 Ladies’ Hall was connected with the central 
heating plant, and in 1898S the new library, both times an addi- 
tional boiler being installed. At the present time there is still 
room for a boiler of 200 horse-power capacity, Which space proba- 
bly will be needed this vear if, as seems probable, a new engineer- 
ing building will be erected the coming year. 

The arrangement of the central heating plant as it is at the 
present time is shown on Figs. 3lLand 312. It will be noticed from 
these that the boiler house was a little more than doubled in size 
by the change in 1894, and that the boilers were arranged in a 
row, setting them for convenience in batteries of two or three. 
One wall of the old building was removed, the roof being carried 
on columns, and the coal vault was placed on the opposite side of 
the building to what it was before, this being done because of the 
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greater convenience of hauling the coal, which all must be hauled 
up between the chemical laboratory and Science Hall. For the " 
same reason it was placed below ground, bringing the floor of ~ 
the coal vault on the same level as the floor of the boiler house. % 
The old chimney was a square one, the height being 135 feet from “i 
the boiler-shouse floor and 4 feet 6 inches inside. It was deemed ‘ 
Ria. Sit. 
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sufficient for the enlarged plant, and no changes were made with 
it. But the smoke flues leading to it could not be used, both 


because of their size and location, and an entirely new breeching 
had to be arranged. One of the reasons for determining on the 
installation of a central heating plant was that it would be possi- 
ble to use bituminous coal instead of anthracite, as was being 
used in the separate buildings, and without suffering from the 
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smoke and dirt to such an extent at least as would have been the 
case if bituminous coal had been used for heating the separate 
buildings. Inthe old boiler house anthracite had to be used for 
the old internally fired flue boiler, whereas bituminous coal was 
used for the other boilers, with the result, however, of creating 
quite a smoke nuisance, as there was no provision made for the 
“consumption” of the smoke. One of the conditions for the in- 
stallation of the central heating plant was therefore that  bitumi- 
nous coal should be used, and that the plant should be so arranged 
that there should be very little smoke. A thorough investigation 
of the smoke question soon convinced the writer that several of the 
mechanical stokers, besides the Hawley down-draught and other 
wrangements, will, if properly taken eare of, and if the boilers are 
not foreed much, produce a tire which is reasonably free from 
smoke. In view of the saving of labor the writer determined on 
the use of a mechanical stoker, rather than, for instance, the Haw- 
lev down-draught furnace, and for the same reason, and because 
of the cleanliness, coal-conveying machinery with coal-storage 


tanks above the boilers was also made an essential part of the pro- 


gramme. <As the floor of the boiler house was some 13 feet below 
the surface of the ground, an ash elevator was also a necessity ; 
but the writer abstained from installing an ash conveyor, as the 
repairs on such a conveyor seem to neutralize more than the sav- 
ing in labor realized by its use. A track with an ash dump-cart 
Was determined upon in the place of the conveyor. In the old 
plant there had been no feed-water heater, but as will be seen 
from the plan a Green economizer of 400 horse-power capacity 
Was installed, and in connection with it a fan with short smoke- 
stack for mechanieal draught, this latter arrangement mostly for 
experimental purposes. It may be said here, in parentheses, that 
a short smokestack is out of place where there are buildings near 
by, as the gases escaping from the chimney, even if there be no 
smoke, are being delivered at such a low level that they cannot 
help being carried into the adjacent buildings, which, of course, is 
very objectionable, 

Steam had to be furnished from the central plant both for 
heating and power purposes, and the question arose whether it 
would not be best oniy to carry steam of high enough pressure 
for power purposes at the central plant, and to reduce the pressure 
at the various buildings to use the steam for heating. On account 
of the fact that the boilers were considerably higher than the 
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return in several of the buildings to be heated, and in fact because 
all of the buildings were situated at such yarious levels and dis- 
tances as compared with the boiler house, it was, of course, im- 
possible to use a common reducing valve at the latter place for 
all the steam used for heating, and the only other alternative was 
to use a certain number of boilers for making steam for heating 
purposes of sufficient, but moderate pressure, so that it might be 
used for running the fan engines at the various buildings and 
otherwise be reduced in pressure al the buildings to serve for 
heating. This latter alternative was the one adopted, and for the 
following reasons : 

Various members of the Board of Regents of the university 
objected to the use of “ Aégh-pressure” steam in the buildings in 
which only ordinary janitors, who are not engineers, had to take 
care of it; consequently a steam of less pressure than that used for 
the pumps at the lake shore or for the engines in the laboratories 
had to be used. At the same time the architects, who had planned 
the heating systems of several of the buildings, lad provided 
engines for running the ventilating fans, which engines required 
steam of at least 80 pounds pressure, which pressure again would be 
too high for the direct radiation. — If, therefore, a common reducing 
valve had been used at the central plant, it could not reduce the 
steam to less than 30 pounds pressure, necessitating an additional 
reducing valve in each of the buildings, or a separate pipe for 
taking the steam for the fan engines would have been necessary. 
Although the danger from using 30 or 40 pounds steam in the 
buildings is not very different from that of using 100 pounds steam, 
the ordinary pressure carried in the central plant for power pur- 
poses, yet to the authorities this difference seemed very important, 
and accordingly the following arrangement was adopted: All the 
boilers in the central plant were to be connected with two sepa- 
rate headers, one for high-pressure and the other for low-pressure 
steam, the first one to carry about 100 pounds and the latter about 
40 pounds pressure. The high-pressure steam was to be carried to 
such buildings only in which steam was used for power purposes 
exclusive of fan engines, and the low-pressure steam to all build- 
ings which were to be heated. It is perhaps necessary to add 
that the writer is of the opinion that it would have been poor 
economy to have carried in the tunnels leading to the various 
buildings steam of such low pressure that it could have been 
used for the direct radiation without being reduced in pressure, 
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because it would have necessitated such large pipes, which would 
have made the loss by radiation in the tunnels greater than it 
would be with smaller pipes carrving steam of higher pressure, 
although necessarily also of higher temperature. With the 
system adopted for this plant it is possible to keep the size of the 
pipes quite small, so small in fact that a considerable loss of 
pressure must be expected at the endof the main, which reduction 
of pressure, however, does not interfere with the working of the 
heating system of the building, as it is only necessary to carry a 
correspondingly higher pressure at the central plant, and because 
each building is independent of every other because of the reduc- 
ing valve found in each building. At this place it might also be 
pointed out that experience in this plant has shown. that it is 
preferable to have a separate reducing valve for the indirect 
tempering and heating coils, in order that a higher pressure may 
be carried on these than on the direct radiation, this to facilitate 
the circulation in these coils in very cold weather. The sizes of 
mains in the tunnels were necessarily calculated so as to carry 
sufficient steam to heat the buildings in the most severe weather. 
But especially inthe fall and spring there is a considerable length of 
time in which but very little steam is used for heating, but always 
a certain amount for ventilating the schoolrooms, ete. At those 
times the large mains are altogether too large, and the percentage 
of loss of heat in the tunnels is excessive. In other buildings, like 
the gymnasium and armory, and also Ladies’ Hall, warm water is 
a necessity the year around, and this warm water is obtained 
by steam from the central plant, and for this purpose also the 
original steam mains were too large. Because of these reasons 
separate small mains were run from the central plant to the 
various buildings and were connected at the several buildings 
with the large mains in such a way that the steam coming 
through the small pipes could be used for heating the buildings, 
running the fans or heating water as the special case required. 
The original cost of these “summer” mains was quite an item, 
but the saving in fuel during the past five years has more than 
paid for them. Another great advantage gained by having 
these two separate mains to each of the buildings is that in case 
the large main should absolutely need repairs, the smaller one 
ean be used and will furnish sufficient steam to keep the building 
from freezing, at any rate. 

Another important question affecting the economy of the plant 
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was that of the return-water from the various buildings. As will 
be seen from Fig. 310, there are several of the buildings which are 
lower than the central plant. After a thorough investigation it 
was conclusively proven that it would pay to pump the water 
back through the tunnels to the central plant, even if the distance 
was as great as from the armory, nearly 900 feet. The returns 
are all connected to closed receivers in the central plant, which 
receivers again are connected to the hot-well. Because of the 
two different pressures carried on the boilers, it was necessary 
to provide for two different feeding systems for each boiler, with 
a feed pump for each system. The low-pressure feed pump takes 
its suction from the return-water receivers directly, whereas the 
high-pressure pump has its suction connected with the hot-well. 
Into this latter all water required beyond the return-water is 
pumped, and from it the water is pumped through the Green 
economizer before it enters the high-pressure boilers. The addi- 
tional water required is principally obtained from a number of 
‘ain-water cisterns located near the various buildings, the capacity 
of all of these together being about 6,000 barrels, most of the 
water running by gravity to the central plant. Quite frequently, 
however, water from the lake has to be used, but as this is com- 
paratively soft water, and as it is nearly always heated up to from 
250 to 300 degrees Fahr. by being passed through the economizer, 
very little scale can form even in the high-pressure boilers. As a 
result of the good quality of the feed-water used for the boilers 
very little or hardly any scale has ever been observed in the 
boilers, and no compounds are being used. It is impossible to 
estimate accurately what portion of the feed-water is return- 
water ; but it is safe to say that more than three-fourths of it is 
of this origin during the winter months, as nearly all the exhaust 
steam from the various engines, etc., is used for heating purposes. 
During the summer months, when all the steam is used for power 
purposes, no return-water is obtained. In the central plant there 
has recently been installed a feed-water heater which utilizes the 
exhaust steam from the various stoker engines, feed pumps, the 
conveyor engine, and from the small engine which runs the 
dynamo which furnishes the light for the building. This feed- 
water heater discharges into the hot-well. As will be seen from 
the data of the tests, which are given later on, the temperature of 
the water of the hot-well reaches 170 degrees Fahr., which fact is 


due to the feed-water heater, and also to the discharge of a num- 
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ber of steam traps which take care of the condensation in the 
mains, etc., in the boiler house. 

All of the return-water from the several buildings is discharged 
into two closed receivers in the central plant. There are not sep- 
arate returns from all of the buildings to these receivers, several 
being connected into one at convenient places. However, it has 
been deemed best to have separate return pipes from those build- 
ings from which the water has to be pumped back. Because of 
the fact that each building has a separate reducing valve and that 
therefore the steam pressure used in each building may be differ- 
ent from that used in every other, it was necessary to discharge 
all return-water through steam traps into the returns. It might 
have been possible to avoid these traps if open receivers had been 
used, but it certainly would have resulted in a great loss of steam 
from these receivers, and it is probable that the present return 
pipes would not have been large enough to relieve the various 
heating systems in several of the buildings from a too great back- 
pressure. As the returns now are arranged the heating apparatus 
of each building is entirely independent of that of every other 
building. This is in itself of great advantage, as the heating 
plants of the various buildings have been designed by several 
different parties, and, because of differences in the design, require 
steam of different pressures. This is especially true of the build- 
ings in which there are ventilating fans, as it has been found 
necessary to use steam of quite a little higher pressure for the 
tempering coils than is used for the direct radiation under similar 
circumstances. 

The central heating plant, as now equipped, contains the fol- 
lowing boilers : 


One Aultman & Taylor (Babcock & Wilcox type).... 200 horse-power. 


One Standard boiler 150 
Two Heine boilers, 50-horse-power each....... 
Four 66-inch by 18-foot return tubular boilers...... 500 =i 
Total, eleven boilers....... 1,160 horse-power. 


Of these boilers, the Root boiler is used exclusively for experi- 
mental purposes, and is not connected with the steam mains in 
the central plant, but with an experimental engine in the steam 
laboratory in Science Hall. The boilers are all equipped with 
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Roney mechanical stokers, for the working of which there are 
provided five small oscillating engines. They are all connected 
with both the high and low pressure mains and have two separate 
feed pipes, which, however, are connected together a foot or so 
from the boilers. There are two low-pressure feed pumps—one 
for reserve—and also two for the high-pressure feed, and each 
pump is provided with a hot-water meter. In addition to these 
pumps there is one small duplex pump for taking the water from 
some rain-water cisterns, which are lower than the central plant, 
to the hot-well, and there is a small automatic duplex air com- 
pressor, Which furnishes the compressed air for the Johnson & 
Powers heat-regulating systems used in five of the buildings 
heated. The central plant contains, in addition, a 10-horse- 
power upright engine for driving the coal-conveying machinery, 
one 5-horse-power automatic engine driving a 60-light 16-candle- 
power dynamo, and the engine which drives the fan for the 
mechanical draught. It has already been mentioned that there is 
a Green economizer, Which is of 400-horse-power capacity. The 
feed-water heater is supposed to take care of the exhaust steam 
from 200 horse-power. 

When, in 1898, the 200-horse-power Aultman & Taylor boiler 
was added, it became necessary to increase the chimney capacity, 
as the old one built in 1885 was hardly sufficient for the boilers 
already there. In this connection it should be borne in mind 
that at no time are all the boilers in service ; there is always at 
least one in reserve, so that the boilers may be washed out at 
frequent intervals or repaired if necessary. It would, of course, 
have been desirable to have built a new, larger chimney, which 
could have taken care of all the boilers. But because of the 
expense, it was necessary to keep the old one and only to add 
another one, which, to make things somewhat symmetrical, was 
made of the same height as the other. The new one was built 
with an entirely independent firebrick lining, whereas the old 
one was a solid unlined shaft. The breeching was rearranged, 
as shown in Figs. 310 and 311, in such a manner that either chimney 
may be used for any orall the boilers. Figs. 310 and 311 also show 
the location of the economizer. It will be seen that it can only 
be used in connection with the old chimney, a disadvantage which 
it seemed impossible to overcome. : 

The coal elevator takes the coal, dumped into the vault from 
the coal wagon on top of the coal vault, up to the conveyor, 
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Which runs lengthwise of the central plant and carries the coal 
to the several hoppers placed in front and above the boilers, from 


Which the coal slides through chutes to the stokers. The coal 


vault is used as a storage room, in case strikes or a snow blockade 
should prevent the regular delivery of coal. The ash elevator is 
placed in a corner of the building: the ash cart, into which the 
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ashes have been shovelled, being dumped, so that the ashes need 
not be handled any further till they reach the ground above, from 
where they must be hauled by teams. 

The tunnels through which the steam pipes and returns are 
carried to the various buildings have a total length of about 3,200 
feet. Except those parts which connect the omival plant with 
Science Hall, the machine shop, and the chemical laboratory, 
they have a section as shown on Figs. 313 and 314. This section 
is hardly large enough, at least for the portions near the central 
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plant, where the pipes are both larger and more numerous than 
in the other portions. If the choice of the size of the tunnel had 
been left to the writer it would have been made longer, but, un- 
fortunately, the tunnel to the Law Building had already been 
built when he took charge, in 1894. The older portions of the 
tunnel, leading to Science Hall, etc., are larger in section, but not 


Storm Bull 


Fig. 315. 


too large. They have, however, an elliptical section, which, 
because of the round bottom, makes it difficult both to walk 
through them and work in them. It should be stated that it has 
been found possible to make all kinds of repairs in the tunnels 
built as shown in Figs. 813 and 314; but the room is cramped, and 
it would be better if the section was about one foot larger each 
way. Fig. 314 shows the section of the tunnel where it goes below 
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the level of the lake. In order to make it tight at such places it 
Was necessary to substitute a circular bottom for the flat one used 
elsewhere. At those places where two branches of the tunnel 
join, enlargements of the same have been made. This is neces- 
sary to give room for the numerous fittings, like valves and 
expansion joints, required at those points. And at a great num- 
ber of places manholes have been placed, both for ventilation 
when work is being done in the tunnels and to facilitate the 
entrance to the tunnels. These manholes are very necessary 
during the summer, as they must be kept open almost continu- 
ously to prevent the condensation of the moisture of the air in 
the tunnels on the covering of the pipes, which condensation 
soon would ruin all the covering, notwithstanding any kind of 
painting of the same. The average depth of the crown of the 
tunnel below the surface of the ground is about 3 feet, vary- 
ing between 7 and 2 feet. 

The expansion of the steam and return pipes in the tunnel could 
only be provided for in a few cases by elbows and offsets, and a 
large number of the old-fashioned expansion joints are being used. 
By carefully anchoring the pipe in every direction at the place 
where the expansion joint is placed, and by making it possible for 
the pipe to expand freely in the other direction, experience has 
shown the writer that these much-decried expansion. joints may - 
be a source of very little annoyance. It has been made a rule to 
repack these joints once a year, not because it was certain that 
they needed a repacking, but simply as a precautionary measure, 
and the result has been that there has not been any leaky expan- 
sion joints. Sometimes these joints have been screwed up a little 
during the course of the year, but only because the engineer hap- 
pened to be in the tunnel, at the place where there was an expan- 
sion joint, for the purpose of doing some other work. The reason 
for these good results the writer sees in the careful anchoring and 
alignment, and he is confirmed in this belief by the observation of 
the action of three expansion joints in the pipe leading from the 
central plant to the pump house on the lake, which pipe had been 
put in before the writer had anything to do with the plant. 
They have been giving a great deal of trouble by leaking, and 
they have had to be repacked several times each year; but the 
pipe is not well aligned nor is the anchorage good, so that it 
could not be expected, according to the writer’s notion, to work 
well, 
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All steam and return pipes are covered with a good quality of 
sectional covering. Various kinds have been used, but it is yet 
too early to state any positive results as to durability. 


One 
thing is certain, however, that the covering must 


be thor- 
oughly protected by paint, on account of the moisture of 


the air in the tunnels, and it has been found that the best 
protection is found by giving the covering two coats of heavy 
asphaltum paint. 

The buildings from which the water of condensation flows back 
to the central plant by gravity are the following ones: University 
Hall, North Hall, Law Building, Science Hall, and the machine 
shop. In the remaining buildings—Ladies’ Hall, chemical 
laboratory, armory, and New Library—receivers are provided, 
from which automatic pumps return the water to the central 
plant. It has been found by experience, as should be expected, 
that these automatic pumps only act as steam traps as long as 
the pressure of the steam does not exceed the pressure correspond- 
ing to the head of water between the pump and the receiver in 
the central plant plus the friction in the pipe. This limit has 
made it necessary to introduce traps in some of the buildings 
where the pumps are used. 

All of the buildings connected with the central plant, except 
the pump house, are now provided with fans for ventilation. In 
some of the buildings, like University and North halls, chemical 
laboratory, and the armory, the heating is principally done by 
the coils in connection with the fan. In the others the fans are 
principally used for ventilation. In three buildings—Science Hall, 
Ladies’ Hall,and the Law Building—the motive power of the fans 
is the electric current, whereas in the others steam engines are 
used, of which there are various makes in use, the exhaust steam 
being in all cases used for heating. As can be imagined from the 
fact that a number of different architects have planned the heat- 
ing apparatus of the various buildings, the systems are of various 
kinds and efficiency. 

During the last five years the heating plants of all of the build- 
ings have been improved in various ways, so that at present all 
the buildings can be heated and ventilated in a fairly satisfactory 
manner. The following table contains the amount of direct and 
indirect heating found in the several buildings. It should be 


borne in mind that the indirect surface is all used in connection 
with a fan. 


i 
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Direct. Indirect. 

1,200 square feet 6,000 square feet 
University Hall... ..... 9,000 6,000 “ 
Chemical Laboratory.... 2,500 * 3,000 
Machine Shop.......... 1,500 2,000 
Hall 8,000 * ns 4,000 

New Library..........- 19,500 3,000 


55,800 28,500 


In addition to furnishing steam for the above heating surface, 
the central plant furnishes steam for heating water in several of 
the buildings, but especially in Ladies’ Hall and the armory, 
where necessarily a large amount of steam is used for this purpose 
the year around. Steam is also furnished for experimental pur- 
poses to the steam laboratory in Science Hall, and to three 
engines and a steam hammer in the machine shop, also to the 
pumps at the lake shore, which pumps furnish all the water for 
the university and for the State capitol, situated about one mile 
from the university campus. Only a small part of the university 
buildings are being lighted by electricity, the current of which is 
obtained from dynamos run by the engines in the machine shop, 
the remainder being lighted by gas or electricity furnished by : 
private company. 

The central plant has to be run the year round to furnish 
steam for the pumps and the engines in the machine shop and 
steam laboratory. On account of the pumps it is even necessary 
to run it Sundays during the summer vacation. Steam for heat- 
ing purposes must, as a rule, be furnished from October Ist to 
May 15th, and to heat water up to commencement, about June 
25th. The total amount of coal used during the year is about 
4,500 tons. The kind of coal used has varied from year to year, 
but has always been of Western origin. Beginning with ordinary 
screenings—nut and below—it was soon found that because of the 
high freight charges it did not pay to use such low-grade coal. 
Then nut coal was tried for a while, but for the last three years 
washed coal of various sizes, but always smaller than nut coal, 
has been used and with very good success. The price has varied 
between $3.25 and $2.30 per ton for the washed coal, the latter 
price being, however, an exceptionally low one, which probably 
never will be duplicated. The difference in price at the mine, of 
unwashed and washed coal (screenings), is certainly not more than 
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25 cents, and there is no question that with the freight rates 


Which have to be paid at Madison the coal is advanced in value 
by more than 25 cents by being washed. This has been the 
result of repeated tests at the central plant, and the writer does 
not hesitate, from the experience gained, to predict a great future 
for the washed coal here in the West. 

The general efficiency or economy of the plant necessarily 
varies a great deal. On account of the changeable weather, and 
also on account of the varying demands on steam from the labor- 
atories and the machine shop, the boilers in the central plant 
sometimes have to be run very much below their most economical 
rating, and at other times very much above, in both cases reduce- 
ing the economy. Boilers are fired up or let out as often as 
human foresight can see the advantage of a change; but it is 
impossible to foresee all the demands in time, and the result is as 
above stated. A large number of tests of the boiler plant have 
been made, and the writer gives below the results from three of 
these. No tests have, however, been made in the coldest weather, 
because of the large amount of work required for wheeling in and 
weighing the coal. The tests recorded below have been made in 
moderate weather, and with the aid of a number of students in the 
College of Mechanics and Engineering. The coal was carefully 
weighed, and separate account kept of the coal used for the high 
and low pressure boilers. The tests lasted twenty-four hours in 
each case, and the code of rules prescribed for conducting boiler 
tests prescribed by this Society was carefully adhered to, except 
in the matter of weighing the feed-water. On account of the 
large amount of feed-water, and because there were separate feed 
pumps, this was found impracticable, and the reading by meters 
was substituted. TLowever, these meters were very carefully 
calibrated in place, the pumps working at their ordinary rate, 
pumping water of the ordinary temperature, and against the ordi- 
nary pressure, the water being weighed and the reading of the 
meters being taken for several hours. Because of this careful 
calibration the writer believes that the results obtained by the 
tests are perfectly reliable. In the tests given below three differ- 
ent washed coals were used, and it is interesting to compare the 
results. It should, however, be remembered that the results can- 
not be fairly compared, as they were not the same boilers which 
were used in all three cases, nor were the boilers run in each case 
up to the same percentage of their rated capacity, from which 
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last fact also a difference in economy might be expected. In the 
first two tests given below, the economizer was used for the high- 
pressure boilers, whereas it was not used in the third. Again, the 
first two tests were made two years ago, and the old chimney 
was then the only one built; whereas, in the last test made, 
March 10th and 11th of this year, the new chimney vas used for 
all boilers. Because of the better draught obtained with the new 
chimney, it was to be expected that the results should be the best 
in the last test, as they actually were. However, it seems also 
justifiable to draw the conclusion that of the three coals used in 
the three tests, the New Kentucky coal (Big Muddy) is the best 
of the three. 

Calorimeter tests of the steam from each boiler were made once 
an hour. Steam-pressure readings were taken every quarter hour. 
Temperatures of flue gases and draught readings were taken once 
an hour. Feed-water temperatures were taken once an hour, at 
the pumps; the temperature of the high-pressure feed was also 
taken on entering and leaving the economizer in the first two 
tests. The moisture in the coal was determined by selecting a 
sample of 100 pounds and drying it for twenty-four hours. The 
coal used during the first test was Indiana washed nut from Cox- 
ville, Ind.; it showed 35 per cent. moisture. During the second 
test Illinois washed pea coal from Carterville, Ill, was used, eon- 
taining 12 per cent. of moisture. This excessive amount of 
moisture was due to heavy rains the day before and during the 
test. Washed New Kentucky pea coal (Big Muddy) from Mur- 
physboro, IIl., was used in the third test. It was found to contain 
about 8 per cent. moisture, part of which was due to a large 
amount of snow which had fallen on the cars from which the 
coal was taken. 

The boilers used during the first test were those that are num- 


bered 2, 3, 4, 5, and 6 on Fig. 312; during the second test, 2, 3, 4 
and 5 were used ; and boilers 1, 2, 8, and 4 were used during the 


third test. 


Dimensions and proportions : 


Grate Surface. Heating Surface. 


The economizer has a heating surface of 1,508 square feet, 
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Test No. 1. 


The average pressure on the high-pressure boilers Nos. 2 and 3 
was 59 pounds, and on the low-pressure boilers 4, 5, and 6 was 39 
pounds. The draught was .177 before entering the economizer, 
and .43 after leaving the same. The temperature of the external 
air was 13 degrees Fahr., that of the fire room 72 degrees Fahr., 
that of the escaping gases before entering the economizer 484 
degrees Fahr., and after leaving it 349 degrees Fahr. The aver- 
age temperature of the feed-water at the pumps for the high- 
pressure boilers was 172.2 degrees Fahr., and for the low-pressure 
boilers 183.3 degrees Fahr. The average temperature of the feed- 
water for the high-pressure boilers before entering the economizer 
was 171.8 degrees Fahr., and after leaving it 270 degrees Fahr. 

The total amount of coal burnt under the high-pressure boilers 
was 20,358 pounds, and under the low-pressure boilers 24,800 
pounds. As the moisture was 3.5 per cent., the weights of dry 
coal were 19,628 and 25,952 pounds respectively. The total refuse 
was 1,379 and 1,698 pounds respectively, making 7.05 per cent. 
and 7.1 per cent. ash. The total combustible was 18,249 and 
22,254 respectively. The total amount of water evaporated was 
2,623.5 cubie feet, or 159,350 pounds for the high-pressure boilers, 
and 2,970 cubic feet, or 179,772 pounds for the low-pressure boilers. 
The quality of steam found from the calorimetric tests was 98.5 
and 98.4 respectively. The equivalent evaporation of water into 
dry steam from and at 212 degrees Fahr. was 169,200 pounds for 
the high-pressure boilers with the economizer, and 153,200 pounds 
without it, and 186,450 pounds for the low-pressure boilers. 


Water actually evaporated per pound of dry coal from actual pressures and 
temperatures : 


Equivalent water evaporated per pound of dry coal from and at 212 degrees 
Falir. : 


High-pressure boilers with economizer...............04- 8.64 pounds 


Equivalent water evaporated per pound of combustible from and at 2 2 degrees 
Fahr. : 


High-pressure boilers with economizer 


e+. 9.27 pounds 
without 8.4 
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The high-pressure boilers were rated by their builders at 275 


oo 


horse-power, the low-pressure boilers at 330 horse-power. During 
the test the high-pressure boilers developed on an average only 
204 commercial horse-power with the economizer, and 185 without 
it; consequently they were run at 32.7 per cent. below rating. 
The low-pressure boilers developed during eleven hours, when all 
three were being used, 266 horse-power ; during the thirteen other 
hours, when only 4+ and 5 were being used, 190 commercial horse- 
power ; they were, therefore, being run 22.4 per cent. and 24 per 
cent. below the commercial rating. 


Test No. > 


The average pressure on the high-pressure boilers was 87.6 
pounds, and that on the low-pressure boilers 40.26 pounds. The 
draught was .16 inch before entering the economizer, and .354 inch 
after leaving it. The temperature of the external air was 38.7 
degrees Fahr., that of the fire room 68.8 degrees Fahr.; that of 
the escaping gases before entering the economizer 356 degrees 
Fahr., after leaving it 295 degrees Fahr. The average tempera- 
tures of the feed-water at the pumps were respectively 159.6 and 
196.8 degrees Fahr., and the average temperature of the feed-water 
at the economizer was 160 degrees Fahr.; after leaving it, it was 
237 degrees Fahr. The total amount of coal burned under the 
high-pressure boilers was 16,2538 pounds. In addition 1,867 pounds 
were used for banking boiler No. 3. The total amount of coal 
burned under the low-pressure boiler was 20,564 pounds, and in 
addition 491 pounds were used for banking boiler No. 4. 

The moisture in the coal being 12 per cent., the following are 
the amounts of dry coal used under the boilers: 


High-pressure boilers: 14,288 pounds; for banking....... 1,643 pounds 
Refuse under high-pressure boilers.................005- 1,284 


making 8.05 per cent. and 8 per cent. respectively. 


Total combustible: 


High-pressure boiler excluding coal used for banking.... 13,120 pounds 
including “ « iin = 


Quality of steam: 


Low-pressure 98.4 
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Total amount of water pumped into boilers and apparently evaporated: 


High-pressure boilers 2,008.1 cubic feet, or... 122,494 pounds 


Water actually evaporated, corrected for quality of steam : 


Equivalent water evaporated in dry steam from and at 212 degrees Fahr.: 


High-pressure boilers with economizer. ............+.. 131,178 pounds 


Water actually evaporated per pounds of dry coal from actual pressures and 
temperatures : 


High-pressure boilers... 


Equivalent water evaporated per pound of dry coal from 
Fahr.: 


High-pressure boilers with economizer 


8.22 pounds 


Equivalent water evaporated per pound of combustible from and at 212 
degrees Fahr.: 


High-pressure boilers with economizer 


Commercial horse-power : 


High-pressure boilers with economizer 


158.5 horse-power 


Builder's rating: 


and’ 150 HP. + 125 HP. = 275 horse-power 
Nos. 4and 5...... 125 HP. + 125 HP. = 250 


Horse-power developed by boiler No, 2 for 17.6 hours 
without economizer..... 


Percentage of horse-power developed below rating. ... 3.33 
Horse-power developed by boilers Nos. 2 and 3 for 6.3 

hours without economizer 


36.3 
Horse-power developed by boilers Nos. 4 and 5 for 2.55 
Horse-power developed by boilers Nos. 4 and 5 for 21.25 


Percentage below rating 


~ 


— 
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Test No. 3. 


During this test the economizer was not used and no boilers 
were banked. 

The average pressure of the steam on the high-pressure boilers 
was 101 pounds, on the. low-pressure boilers 50 pounds. The 
average draught was 434 inch. The temperature of the ex- 
ternal air was 42 degrees Fahr., that of the fireroom 81 degrees 
Fahr. The average temperature of the gases escaping from 
boiler No. 1 was 593 degrees Fahr. The average temperature of 
the feed-water at the pumps was 180 degrees Fahr. for the high- 
pressure boilers and 179 degrees Fahr. for the low-pressure boilers. 


The total amount of coal burned : 


Under high-pressure boiler (No. 1)..............eeeeees 21,762 pounds 
low-pressure boilers (Nos. 2, 3, 4)... 36,090 


The moisture in the coal was 9 per cent.; therefore the weights 
of burned dry coal were as follows: 


Refuse under high-pressure 1,925 


making 10.9 per cent. and 9.6 per cent. respectively. 


Total combustible: 


Quality of steam : 


High-pressure boiler (No. 1)........... 97.1 per cent. 


Total amount of water pumped into boilers and apparently evaporated : 


Water actually evaporated, corrected for quality of steam : 


Equivalent water evaporated into dry steam from and at 212 degrees Fahr.: 


We 
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Water actually evaporated per pound of dry coal from actual pressures and 
temperatures: 
Low-pressure 


Equivalent water evaporated per pound of dry coal from and at 212 degrees 
Fahr. : 


Low-pressure ‘‘ 8.06 


Equivalent water evaporated per pound of combustible from and at 212 
degrees Fahr.: 
Low-pressure 8.92 ‘* 


Commercial horse-power : 


Builder’s rating: 

Low-pressure boilers, 150 (1) +125 (2) +125 (3) ......... 400 " 
Percentage of horse-power developed above rating, 

Percentage of horse-power developed below rating, low- 


The difference in evaporative performance between the one 
high-pressure and the three low-pressure boilers in the third test is 
partly due to the fact that the former was probably running at its 
most economical rate, whereas the latter were running at a lower 
rate. Secondly, the one high-pressure boiler was a Babcock- 
Wilcox boiler, which had only been used for about four months, 
and which, consequently, was nearly clean, besides being probably 
more economical because of its design than the two return-tubular 
boilers used for the low pressure. It is also probable that the fact 
that the high-pressure boiler was a larger unit contributed to the 
increased economy. 

With reference to all of the tests it should be stated that no 
special cleaning or other preparations were made for the tests, so 
that the results show the actual performance of the plant as run 
throughout the winter, or at least in similar weather. It is per- 
haps to be expected that the economy is somewhat higher in 
more severe weather, when all of the boilers are running more 
nearly up to their rated capacity, and when the draught, as has 
been shown by observation, is considerably better than the draught 
recorded in these tests. 
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The results, as recorded in these tests, are not extraordinary, 
but on the other hand they ought to be considered as fairly satis- 
factory, especially if it is kept in mind that the coals used were 
all Western, and of small size, although washed. 

By various gas analyses it has been found that there nearly 
always is an excess of air. This was also the case in the three 
tests. But with a mechanical stoker it is almost impossible to 
prevent it. In the last test it was less so with the high-pressure 
boiler, because of the more rapid consumption of coal, and this 
fact also points in the same direction, as was indicated before, 
that the boilers will give better economy when run well up to 
their rated capacity. 

In the series of tests, as given above, only the most essential 
data are given, as it was thought that in a paper of this kind 
more details would not add anything of interest. 

In conclusion, the writer desires to repeat that he does not 
expect that the plant described is going to be looked on as a 
model of its kind—quite on the contrary ; but because of the pecu- 
liarities in the conditions which had to be met, it is hoped that 
something of interest may be found in the foregoing paper. 


DISCUSSION. 


Mr. William H. Bryan.—Professor Bull’s description of the 
difficulties met with in the reconstruction of his heating plant, 
and the methods by which the problems were solved, is quite 
interesting. The carrying of two different pressures in the 
same boiler plant, however, is to be avoided wherever possible. 
It complicates the piping, and involves the use of two independ. 
ent systems of boiler feeding, besides which more boilers must 
be kept in operation, as a rule. For instance, when the steam 
required by each system is a little more than one boiler can 
handle, three boilers would do the work with the combined 
system, while four would be required with separate systems. 
Why would it not have been entirely feasible to have carried 100 
pounds on all the boilers, reducing it to 40 pounds for heating? 
This reduction could be performed by a special reducing valve ; 
or it is quite likely that the ordinary stop valve could be 
throttled so as to serve this purpose, as the work is no doubt 
quite uniform. Has this ever been tried ? 

Professor Bull states that the returns are all discharged into 


Than 
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a receiver through traps, this being necessary on account of the 
different pressures carried. Would not this be simplified by 
varrying a pressure low enough to suit the building most 
difficult to heat, letting its condensation return by gravity, 
using traps on the others ? 

Professor Bull also calls attention to the fact that automatic 
pumps only act as traps as long as the heating pressure does 
not exceed the pressure against which the pump is expected to 
lift. In such cases there would be no need of a pump at all, as 
the returns would flow to the receiver by gravity. If the 
pressure fluctuates, the pump could be by-passed, so that the 
returns would flow by gravity whenever the conditions were 
favorable. Of course, if there is a considerable excess of 
pressure over that in the receiver, traps would be reqyired. 
Another good plan would be to apply a vacuum system, such as 
the Paul or Webster, to the radiators of all the buildings, the 
returns all going directly to a single closed receiver, those from 
the low-pressure buildings being pumped. 

Referring to smokeless furnaces, my experience shows that 
the down-draught and other good types are capable of giving 
good results in smoke prevention and efficiency even when 
forced considerably beyond their ratings. 

Mr. Reginald Pelham Bolton.—There are some considerable 
questions raised by this paper, which do not appear on the face 
of it. It appears to me as if it was a very doubtful question 
indeed whether the decision to employ a central boiler house 
for this heating work was a good one. The buildings are very 
much scattered, and the guiding decision, as recited by the 
author in the paper, appears to have been that a great deal of 
money had been spent on the boiler house, and that therefore 
they must spend a great deal more to bring it up to the mark, and 
a further consideration was that they desired to use soft coal. It 
would have appeared to me in that connection that, as they were 
already using a very satisfactory kind of coal without any smoke 
nuisance, they were jumping out of the frying-pan into the fire 
by trying to use soft coal, and then adopting expensive devices 
to do away with the smoke nuisance. 

This layout of a central heating station for a number of 
isolated buildings is a very favorite one. I had one such ease, 
of a university to be heated from a central station, and carried 
it out somewhat in this manner, not altogether with successful 
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results, and I am inclined to think that this whole plan would 
require considerable reconsideration if it were taken up upon a 
proper basis. I can understand that the author may not have had 
afree hand. At the same time it should not go on record as 
being an ideal arrangement. In the first place, the adoption of 
two pressures for heating is a rank absurdity. It is manifest 
that it was a concession to the fears of persons who were not at 
all acquainted with steam practice in any way, and who laid down 
an arbitrary line as to what was dangerous and what was not 
dangerous at 30 pounds or 40 pounds pressure! In any case, 
the carrying of two sets of mains, one for heating and one for 
power purposes, was absurd, because there were many fans and 
much other apparatus scattered through the different buildings, 
the exhaust of which should be used for heating, and which 
was apparently all thrown away. There is only about 800 
horse-power of heating surface in the entire buildings, and 
they have 1,160 horse-power in this boiler plant, which goes to 
confirm the idea which I have arrived at from reading the paper 
—that the exhaust steam is thrown away. The author's con- 
clusion that it would not have paid to have carried in the 
tunnels steam of low pressure is a false conclusion. I do not 
see any reason why the low pressure should not lave been 
carried, without reducing valves, to those buildings if it had 
been necessary ; but I would not say that in this case it should 
be necessary. The best way would be to carry high-pressure 
steam to all these buildings, to have had the various engines 
exhausted into the heating system, and to have by-passed the 
live steam through a reducing valve into the heating system. 
The methods by which the condensed water from the heating 
system was returned to the boiler house were faulty. They 
appear to have placed receivers with pumps in the various 
buildings, acting as a trap for the whole of the heating system. 
That means to say that the steam was put into the radiating 
system and the return opened into this common receiver, all 
alike discharging into this one receiver. The consequence was, 
as stated by the author on page 906, that he found a limit to the 
efficiency of this receiver and pump as a trap, and had to intro- 
duce traps between the heating surfaces and the receiver. That 
is what I should have expected he would find. The fact is 
that the whole of this part of the plant might be very greatly 
improved. The modern practice nowadays is all in the diree- 
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tion of each heating unit being separately trapped, and that is 
what should be done in this case. 

I notice a very curious statement here, that they added a 
feed heater, and that the heater, raising the temperature of the 
feed water somewhat, discharges into a hot-well. It seems to 
me a very curious piece of practice to heat your water in a 
closed heater and discharge it into an open well. I should have 
thought that the proper place for the heater was beyond the 
well on the way to the boiler. The net result is very ineffective 
and disappointing. The temperature of the feed is apparently 
only 170 degrees. It would pay these people to take live steam 
out of the boiler and heat that up to 208 or 210 degrees, if only 
for the sake of adding to the life of the boilers. 

The author seems to lay a great deal of stress on the state- 
ment which appears on page 907, that it has been found neces- 
sary to use steam at higher pressure for the tempering coils 
than is used for the direct radiation under similar 
stances. There is something in that. 


circum- 
The tempering coil may 
be very much exposed to the atmospheric conditions and may 
need high pressure there ; but one would read from that ex- 
pression of his, and from other parts of his statements, that he 
uses high-pressure steam in the coils for the fans. I think that 
is a mistake. Our modern practice shows that you can get as 
good results from low-pressure as from high-pressure steam. 
That is a statement which sounds queer, because there are 
more heat units in high-pressure steam; but it is one which can 
be borne out in actual practice. The complication of the two 
pressures which are carried appears to add very greatly to the 
cost of running this plant. You will see on page 908 that two 
feed pumps have to be run all the time. There are two mains 
under pressure, with their friction and their losses, and alto- 
gether that is a most undesirable feature, and I should want to 
change it very promptly. 

Passing on to page 908, the author deals with the plant which 
has been designed for handling the coal. It appears to me that 
there is a good deal to be said on the question as to whether 
these coal-handling appliances pay for themselves. I have 
installed a very large plant of that nature, and now that we 
have it we find that its chief use is to keep the coal under 
cover, which might be done at much less expense by erecting 


sheds on the ground level outside. The cost of maintenance of 
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these coal elevators is quite considerable, and also the wear and 
tear upon them. The interest and depreciation, of course, have 
to be taken into account, and it simply results in having lifted 
your coal up to a certain point to act as a gravity delivery to 
automatic stokers. Everybody has his own opinion of auto- 
matic stokers, but my experience has been that unless a plant 
is exceedingly large they are simply a means of making the 
human stokers idle. The men have to be there, and they 
stand around and watch this machinery operate. We have to 
pay them, and I think it is preferable to keep them oceupied. 
As I say, the whole question might be discussed in very special 
detail as to whether such a plant as this would require coal- 
lifting devices. 

On page 908 I might venture to criticise a small detail in the 
method of carrying the pipes in the tunnel. I see they are sup- 
ported by chains with a roller underneath. That is a super- 
fluity ; if the chains are there the roller is not wanted, and vice 
versa. Personally I have a strong prejudice against hanging 
pipes by chains, and always forbid it. There is no method of 
close adjustment, and the proper way is by a hanger with a 
thread and nut on it, so that the pipe can be absolutely aligned. 
By the other method we have no means of alignment. 

The author would have contributed much to the interest of 
the paper, to my mind, if on page 911 he had given us a little 
more data as to the sectional covering which he used to cover 
his pipes on the underground work. There is a question which 
comes in very prominently as to the lasting character of these 
coverings in such positions, and one would have liked to have 
learned more about it. I might say that on the question of 
returns [ should have supposed that one of the vacuum systems 
would have been an ideal addition to this plant. Here is a con- 
dition where it is required to get water back from different levels 
at different points over a large area, and a vacuum system would 
have delivered that water back without any difficulty. All the 
independent receivers and pumps scattered about these build- 
ings might then be torn out and replaced by one in the central 
power house. 

A strong point, to my mind, against the adoption of a central 
power and heating plant in this particular instance is made on 
page 913. You will notice that the general efficiency and econ- 
omy of the plant vary a great deal “on account of the change- 
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able weather, and also, on account of the various demands on 
steam from the laboratories and the machine shop, boilers in the 
central plant sometimes have to be run very much below their 
most economical ratings.” That is the whole trouble with these 
central stations ; unless they are very largely subdivided, and you 
get your units down so that you can be sure of their doing their 
best duty when the load is light, you get this condition of vari- 
ation—a large staff of men, very expensive machinery, the whole 
of which has to be run for perhaps a very small fraction of the 
total power of the installation. We are in these days a little 
crazy on central station work, and I think perhaps we are run- 
ning it into the ground. This is one case in point to my mind. 
I must not, however, be put on record as being altogether averse 
to central station plants, for I think they have their proper 
position. 

The tests of the boilers are interesting, but tests of the whole 
combined plant would have been more interesting, and we then 
should have learned a good deal more about the value of the 
entire apparatus. 

Mr. William Neut.—On page 914 the paper says: “The moisture 
in the coal was determined by selecting a sample of 100 pounds 
and drying it for twenty-four hours.” It is not stated how it was 
dried; but the probability is that it was done in the old- 
fashioned way by putting it up over the boiler, and consequently 
it cannot be known whether the coal was completely dried or 
not. The results apparently showed that the coal was not dried, 
for the author says: “The coal used during the first test was 
Indiana washed nut from Coxville, Ind. ; it showed 35 per cent. 
moisture.” It is very doubtful if there is any coal in the State 
of Indiana which has as little moisture as that. He says fur- 
ther: “ During the second test Illinois washed pea coal from 
Carterville, [ll., was used, containing 12 per cent. of moisture. 
This excessive amount of moisture was due to heavy rains the 
day before and during the test.” That figure is not excessive. 
I have found a piece of coal from Illinois that looked apparently 
dry ; it was kept in a dry place under a shed for two months, and 
had then 14 per cent. of moisture in it. “ Washed New Kentucky 
pea coal (Big Muddy) from Murphysboro, Il, was used in the 
third test. It was found to contain about 8 per cent. moisture, 
part of which was due to a large amount of snow which had 
fallen on the cars from which the coal was taken.” I have 
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found as much as 8 per cent. of moisture in that same coal when 
it was apparently perfectly dry. So the moisture tests are 


probably erroneous. 

Prof. Forrest Rt. Jones.My work in the University of Wis- 
consin has been in an entirely different line from that dealt 
with in the paper. But there are two or three things that I 
think I might mention here to point out why certain things 
have been done. In the first place the soft coal is very much 


cheaper out there than the hard coal, and that was the main 


reason for using it. In all the furnaces which are in use there is 
very little smoke, so there is no objection from this point of view. 


As to its being an ideal or model system, the very first few lines 


of the author’s paper say that it is not a model one. And, as 


for having sheds on the ground, the regents of the university 


are justly proud of the beauty of the campus. They have 
there what they believe, and what I believe, is one of the most 
beautiful grounds of any university in this country, and I think 


there is only one university whose grounds equal or surpass 


it, and that is Cornell University. They desire just as much to 


keep their grounds looking handsome as residents of Washing- 
ton desire to keep Washington handsome. For that reason 
they have gone to some extra expense in many cases to prevent 
the erection of any building which would detract from the beauty 


of the grounds. For this reason no sheds for coal, or anything 


of that kind, have ever been erected on the grounds. Great 
care has been taken to keep all unsightly structures off the 


ground, and this was one reason for using the underground- 


storage bin for the coal. As it is now arranged its roof is flush 
with the surface of the earth. The coal is hauled up, dropped 


down through doors in the roof, as commonly done through a 


sidewalk, and is out of sight, and there is nothing unpleasant 
to the eye about it. Another thing, by keeping the plant as a 
central plant, they have only one place to which coal must be 
hauled and from which cinders must be taken away, exclusive 
of what we call the agricultural buildings, which are about half 


a mile away from the central heating plant, and therefore the 
wagons hauling coal and cinders go into only ove place on the 
grounds—near the edge—and they do not have to pass over the 
driveways, which are kept up in the best condition throughout. 

Mr. Robison (Bureau of Steam Engineering, Navy Depart- 
ment).—There is quite a long distance between a college in 
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a central power station such as they have in Wisconsin Uni- 
versity is one which excites the naval engineers just at present. 
The steam-engineering machine shop in New York was de- 
stroyed by fire last winter, and the Engineer-in-Chief, the 
President of the Society, is xt present getting out plans for a 
new shop. The subject of a power house for that shop has 
come up, and in this connection has come up the question as to 
whether or not there should be for the navy yard at New York 
a central power house, which should supply electric power to 
all the various machine shops, boiler shops, ete., in the navy 
yard. In order to understand the question that we have there, 
it is necessary to consider a little bit the conditions of navy- 
yard work. There are at the New York yard, I think, four or 
five machine shops, two or three boiler shops, foundry, pattern 
shops, ete. It would naturally be best to have only one shop 
of each kind, and I think that about fifteen or twenty years ago 
Secretary Chandler gave an order which would lead to such a 
thing. But the bureau system, which is fixed by law upon the 
navy, and the appropriation system made that single shop 
uneconomical ; it cost more for the clerk hire and for transfer 
of accounts than you saved in the labor at the machine shops. 
In the navy yard there are about forty or fifty buildings, some 
twenty of which require power. I think the power is given to 
those buildings at present from five central power stations. 
The point is whether or not we should have only one electric 
power station to supply all of these buildings, or whether we 
should take one power house which would supply each separate 
group of buildings with steam for the hammers, for heating, 
and, in the case of the steam-engineering building, for a test 
boiler. The central electric power station presents, of course, 
advantages in the matter of the cost of an electric unit. I do 
not know that when the amount of power required in the vari- 
ous buildings is as great as it is in the case of the New York 
Navy Yard you are going to save much in the cost of the unit 
of electricity. You have got about 700 horse-power. You can 
get it about as cheaply, if you generate it where you are going 
to use it, as you can get it from a distance of half a mile with 
the larger units used in the central station, using large enough 
units in a 700 horse-power installation to get economical 
results. I think that the cost of operation in the two cases 


Wisconsin and a naval engineer’s problem. But the subject of 
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would not be much different. The cost of installation would 
be reduced of course. In this connection money 


Government just 3 per cent. You have to consider that when 


costs the 


you are considering any question of a Government plant. 
It is not a case of 6 and sometimes 7 per cent. for com- 
mercial institutions; it is a case of the 3 per cent. that 
money is worth to the Government, and, in my opinion, any 
questions of economy should be based upon the rate at which 
the Government can borrow money. It seems to me, speaking 
personally only, that where you have got to have a steam plant 
of any size whatever, as we have to have in the New York Navy 
Yard, it is just as well to include in that steam plant your 
power house. You save the cost of transmission, and that is 
equal to at least the amount of saving that you would have in 
the use of the somewhat larger unit which you get in a central 
station, and you save also some of the difficulties connected 
with heating and with transmission of steam to considerable 
distances for steam hammers, ete. We have to have in the 
steam-engineering shops steam of 450 or 500 pounds pressure 
for testing the valves and pipes of steam work, and as long as 
we have to have a steam plant of any size whatever we are not 
going to save enough in labor, if we have a central station, to 
make it pay. There are some of the other plants there, 
though, where I think that it might pay. The Bureau of 
Ordnance has a plant up there that I think has about 125 
horse-power. The Bureau of Equipment has one of only 25 
horse-power. This could readily be run by electricity. and 
economically too. They would save money probably. But I 
do not think that if you had plants of the size which ours is 
going to be—some 1,200 horse-power—that you would save 
much money. Perhaps you could operate steam hammers with 
compressed air, in spite of some difficulty in the exhaust 
passages of those engines ; but, at any rate, we have to have 
steam in the steam-engineering building for our testing boiler. 
We ought to have steam in the buildings themselves, I think, 
where the distances from a boiler house are as much as half a 
mile. Ido not believe in transmitting steam half a mile. You 
lose too much. The President of the Society, the Engineer-in- 
Chief, who has this work in hand, has directed me to request a 
discussion of the relative merits of the two systems which 
could reasonably be installed at the New York yard: first, a 
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central power station, which would be under the control of the 
Bureau of Yards and Docks, this bureau already having charge 
of the central lighting station ; and, second, a system of power 
stations, each to supply the buildings in the immediate vicinity 
of the station and control the supply for the bureau under 
whose control this separate station would be. There are some 
particulars where it would pay, without question, to have a cen- 
tral station. For instance, we have to use pneumatic appliances 
in navy yards to-day. They save money, and, while money is 
only worth 3 per cent., economical administration is the 
point which is desired by at least one, and probably by all, of 
the bureau chiefs. We have got to put in, if we want to use 
pneumatic appliances, a separate air pipe, running all round 
the yard to the different docks, and the Bureau of Construction 
will need separate air pipes too. It seems to me foolish to 
have three or four lines of pipe doing the same work when you 
“an have one pipe doing the same thing. That looks foolish to 
all of us. It seems to me that the Bureau of Yards and Docks, 
which is charged with the administration of the yard, main- 
tenance of the means of transportation, material, stores, should 
put in a line of piping for pneumatic or hydraulic pressure for 
necessary transmissions. It might probably and properly take 
charge of electric transmission as between buildings. But I do 
not think they ought to have a central power station to attend 
to the whole thing. As I said, gentlemen, the Engineer-in-Chief 
asked to have a discussion of this question to invite the 
opinions of the members as far as possible. 

Prof. W. S. Aldrich.—I heartily sympathize with Professor 
Bull of the University of Wisconsin in this matter, reciting his 
experience along what might be termed the engineering end of a 
great university. The State universities of to-day are undergo- 
ing a radical transformation, and there is no telling when the 
end will be reached or a condition of stability attained, not only 
in business management, but in engineering education as well as 
in engineering economics. We have here an account of the 
efforts put forth in that direction in one institution. 

It is quite evident that there has been brought about in this 
university power plant a condition of affairs not altogether ideal. 
Harmonious development may be had from the drawing board 
in laying out the project for a tall office building or a new uni- 
versity, /e novy ; bat one would not look for it in the line of 
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development by the method of accretion, adding to and laying 
on from the outside, rather than in pursuance of any distinct or- 
ganic law of growth and development from the start. It is an 
exceedingly difficult matter, with changing politics and policies, 
with changing governing Moards and administrations, to maintain 
any definite line of economic policy along the engineering fea- 
tures of an educational institution. Such an institution requires 
light, heat, and power. You will supply those three things, it is 
often thought, at the lowest rates when you have centralized the 
plant ; but it appears from this paper that other equally impor- 
tant features have to be considered. 

When some of these buildings were installed the ventilating 
appliances for mechanical circulation of air were operated by 
steam engines. These called for a certain steam pressure dif- 
ferent from that for the heating service. All understand well 
enough without discussion the great disadvantages of handling 
two steam pressures quite as much as in handling two electric 
pressures. 

As far as Professor Bull has here noted, there are at least 
twelve little steam-driven auxiliary engines throughout the 
plant of the University of Wisconsin. These auxiliaries have 
come to be as they are and located where they are by reason of 
this gradual accumulation of engineering installations in the 
different buildings. Part of this is, no doubt, owing to the fact 
that architects specified certain particular systems of mechanical 
heating and ventilation for the buildings. Now, it is quite 
apparent that the axiom underlying a large part of this ques- 
tion of auxiliary steam engines is that their non-expansive 
working is expensive working. Some of these auxiliaries are 
quite likely to consume from 150 to 350 pounds of steam per 
horse power per hour. 

Such a rate of steam consumption for the five small oscillat- 
ing steam engines for the mechanical stokers, the two low- 
pressure feed pumps, the one duplex pump, the one duplex air 
pump, the one small engine for the coal conveyor, the one 
engine for electric lighting, and the several small engines for 
heating and for ventilating plants, will clearly demonstrate that 
where we have attempted to save money ina university by 
putting in a central steam-heating plant we have actually intro- 
duced another element of very great wastefulness in the use of 
steam for the necessary auxiliaries. 
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It is a small percentage, perhaps, but figure it up and it will 
be seen that that small percentage—a little drop in the bucket 
it may be—is going on continuously with the operation of the 
plant. While you are saving money at one end of the line you 
are wasting it perhaps almost as fast at the other end of the 
line. In other words, since we must have electricity, it would 
appear best to generate enough electricity to run all of these 
auxiliaries. The point is well taken: if we are going to have 
power, have it in abundance, generate it in large units, save 
money by its judicious application. When we have electricity 
for lighting, and there is a dynamo running continuously, it 
would be good engineering to put in a somewhat larger dynamo 
unit and operate all of these auxiliaries in the university from 
the central generating plant. 

Another thing here brought to our attention is the question 
of the location of power plants. Engineers are blamed for 
almost everything with which they have anything to do, from the 
least unto the greatest. But there are certain things that 
engineers cannot control in State universities, when they find 
themselves placed in charge of engineering departments, and 
that is the location of their department buildings. However 
aggressive they may be, however pushing and energetic, the 
location of department buildings in almost all State universi- 
ties is so controlled by the policies of governing boards that it 
is impossible to bring to bear any engineering argument which 
will appeal unto them. An illustration is given here of the use 
of high-pressure steam—the very word high-pressure being 
repellent ; danger lurks within that. The idea of locating the 
boiler house of a power plant in a mechanical-engineering de- 
partment on top cf a hill is not new. There are other institu- 
tions which have entertained the same idea. Of course, it is not 
necessary to go into details, but we know that what has been 
done in one institution has been going on all over the country. 
The federal endowments by which these engineering depart- 
ments are largely maintained are developing in every State and 
Territory similar schools of engineering and the mechanic arts. 
In course of time, gathered about these engineering depart- 
ments, will be the light, heat, and power plants of the uni- 
versity. 

Mr. Francis H. Boyer.—It is unfortunate that engineers have to 
come in contact with the cashier or treasurer of large corpora- 
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tions. If we could go ahead with our engineering ideas and 
devices and experiences which we get here it would be a great 
thing. You take these large corporations where the question 
arises of centralizing power plants or even engine locations, and 
where, should a serious accident occur which would stop the entire 
works, the economy offered by centralizing is sure to be offset 
by the risk of accident. I believe the most remarkable case of 
installation for power purposes, for heat and light and power, 
that we have in this country is our street railroads. Take, for 
instance, the street railroad of Boston, with which I am some- 
what familiar. They have an installation probably of about 
30,000 horse-power divided into seven units, if I remember 
correctly. They are all run in multiple together, and there 
come times in stormy weather, when we have intense sleet, that 
a station is thrown out, and instantly the work of that station, 
which may be 1,200 or 1,500 horse-power, is thrown on the re- 
maining stations. I have stood at their gauge boards and 
watched those processes during heavy storms, and it really is a 
terrific sight. Suppose they had their entire work on a central 
power station, which is feasible ; under these severe cases they 
would become inoperative—their business would stop. Take 
these large refrigerating plants which we have over the country 
—Squires’, at Boston, Armour’s or Swift’s, at Chicago—and sup- 
pose they had everything there confined to one plant, and a fire 
destroys the engine department. With the large number of build- 
ings which they have, they must have plants here and there 
which in case of an accident can help the other. There is where 
we engineers rub against the treasurers, and against the chances 
which they take, and it is a point that we cannot ignore. 

Mr. Wm. Kent.—I am inclined to favor one central station if 
the distances are not over halfa mile. Ido not know but that I 
would go up toa mile. I have no fear of carrying steam that 
far. It is only a question of putting enough money into 
covering the pipes so as to reduce radiation. One plan for 
reducing the radiation where there are variable loads is to have 
two separate steam pipes, one smaller and one larger; one, say, 
6-inch and one 8-inch, instead of a 10-inch pipe. In summer 
time use the 6-inch, in fall the 8-inch, and in winter use both. 

I would suggest another plan for saving the heat of condensa- 
tion in leng lines of steam pipe and for facilitating the operation 
of a central power plant: have a tunnel underground leading 
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from the power station to where the steam is to be utilized, 
large enough for a man to stand upright in it, say, 64 feet high 
and 23 feet wide. In that put the steam pipe or steam pipes, 
the returns, the pneumatic pipes, electric wires, and everything 
which has to be distributed. Have the boiler house run on the 
induced draught system, so that all the air which gets into the 
grate bars is pulled over by the fan. Now open this tunnel into the 
boiler house so that there is a continual circulation of air through 
the tunnel from its outer end. If there is any radiation of heat 
from the steam pipes warming the air in the tunnel, all that 
heat, except what is radiated through the brickwork of the 
tunnel, will be swept back under the grate bars and used over 
again. That need not be the only supply of air. There may be 
some additional heles in the wall of the boiler house to let air 
into the boiler house ; but have a small, gentle circulation of air 
varried through that tunnel from the extreme end to the boiler 
house and save that heat thus wasted, and put it under the 
grate bars where it belongs. 

Mr. W.S. Rogerv.—I have always been a “ central station” 
fanatic until the recent winter's storm in Boston. llaving seen 
the advantages arising from one station helping out another dur- 
ing breakdowns, as has just been explained by Mr. Boyer, and 
realizing that I would have been snowbound if it had been 
a central station plant, I have become completely converted 
to a system of divided stations. But if engineers must have 
central stations let them duplicate the first one and have a 
relay. 

I do not advocate the use of a central-power station in a 
university using a main generator and electric transmission for 
driving ventilating fans and other instruments in use about the 
building, for I do not think it wise to dwell too much on 
economy in the running of our universities. 

I have found in my experience that every time we “ waste” 
money to educate a man we have saved barrels of money after- 
ward. There is no waste of money in education, and were I 
running a university I would obtain old oscillating and rotary 
engines and keep them going along with the modern types that 
the students might learn how not to do it as well as how to do it. 
And when they go into the old plants with the old types of 
machinery they will realize the good side of a dollar in profits 
and make the old scrap earn enough to justify the purchase of 
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modern machinery. Then they have treasurers and stock- 
holders favoring their plans. 

Prot. Forrest R. Jones.—1 agree perfectly with the last 
speaker in regard to teaching students what not to do. But we 
try generally to put in good apparatus to do the work which is 
required in what may be termed a commercial manner. Experi- 
mental apparatus is used when it is necessary to show a man 
what is wrong. I might say in explanation of this university 
plant that, outside of the experimental apparatus, the electrical 
plant consists of two small generators, one an are machine, 
mainly for lighting the shops, and the other a very small direct- 
connected 110-volt direct-current machine for furnishing current 
for experimental work in the physics laboratory and for projec- 
tion lanterns throughout the university during the day. The 
110-volt generator runs all day. <A great variety of other elec- 
trical machinery is used for experimental purposes. The ex- 
perimental machines run only when the students are in the 
laboratories. As to having a central plant, the regents asked 
the State Legislature, which has been in session during the last 
two or three months, for $35,000 to put in a central electric 
plant to furnish light and power for the university and light 
for the State capitol, but for various reasons it was decided 
best not to put in this plant. Just what those reasons are 
would be a little difficult to get at, perhaps, but it is a State 
university ; therefore politics and the interests of others may 
enter in some degree. So it was voted not to have the plant, 
although the Legislature was very generous to the university 
otherwise, giving them a considerable amount of money for an 
engineering building and other purposes. 

Mr. William J. Baldwin.—When an engineer is called in in a 
matter of this kind (central plants versus individual plants), he 
should come unprejudiced. He should have no prejudice in 
favor of any particular system until he has made a thorough 
study of the problem before him. 

Take a university or navy yard (both having been mentioned 
here). We must view the whole question, and view it for both 
winter and summer, before we can arrive at a proper conclu- 
sion, as what may give the greatest economy at one time of the 
year may be very wasteful at another. What is required to be 
determined is the greatest economy for the whole year. This 
is the first consideration. Take a navy yard, for instance, and 
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assume that you have a central steam plant; the question is, Do 
you want the central electric plant also? In my hasty judg- 
ment, you do not, though this, of course, is open for deliberation. 

If you have a central steam plant, you can carry your steam 
through small pipes at high pressures, and get steam at any 
point of distribution, almost without regard to alignment. 

If you have a central electric plant in connection with the 
central steam plant, you will have to make all the exhaust 
steam at one point, in which case you will be obliged to use 
very large pipes to carry exhaust steam to the points of distri- 
bution, «.¢., the points where you want to warm the buildings, 
and the question of alignment and drainage (water separation) 
will then become of the utmost importance. 

In all central electric-light plants of New York and other 
large cities the exhaust steam is thrown away—absolutely lost— 
and representing what may be called a large fortune, and for 
the present, in cities, it appears this cannot be helped, as the 
right of way for large low-pressure steam pipes is practically 
out of the question. 

Take a group of university buildings, and assume they have 
a central steam plant under one roof. The coal can be hauled, 
stored, and cheaply handled ; you can economize in boiler-room 
force, and the products of combustion can be distributed or 
held together at some point where they will least affect the 
buildings, and this is very essential where soft coal is used. 

From this central plant you can take high-pressure steam to 
your individual buildings, there run your steam engine, and 
generate your electricity for lighting or power, and produce the 
exhaust steam on the premises, where, of course, it can be used 
at once for heating in winter, or allowed to run to waste in 
summer. When it is condensed in the heating apparatus, of 
course you can return it by automatic pumps from each local 
position, and no special attention need be paid to the align- 
ment of the return pipe through the ground to the central 
station. 

As a matter of fact, the amount of exhaust steam left after 
the elevator service and the lighting a building, at least in the 
big buildings of New York and other places, is almost always 
sufficient to warm the building. 

I notice, however, that there are men here in favor of the 
central electric plant for navy yards. I am not sure that there 
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will be economy in this, taking it as a whole. There is much 
machinery to be driven in the shops, and comparatively little 
lighting done, except in the short days of winter. Several of 
the speakers evidently are considering the question of lighting 
alone, and are not considering power to any great extent, if at 
all. In the winter time, when you desire to run engines which 
will make exhaust steam, the exhaust steam should be where 
you want to use it; and, as I said before, there is no difficulty in 
taking the condensed water back to the central steam station, 
whether up hill or down, and Iam rather of the opinion that 
the hill after all is the place to put the steam station; although 
this has not been the custom. We generally place the boilers 
in the valley so that we can carry the steam up hill. This, I 
believe, is a mistake, for more reasons than one. When the 
boiler is in the valley, the course of the live steam is generally 
up the hill, and the tendency of the water carried into or 
formed in the pipes is to move in the contrary direction to the 
flow of the steam; whereas, if the boilers were on the hill, 
the flow of steam would be down hill, and the flow of water 
would be in the direction of the flow of the steam, both travel- 
ling in harmony. Moreover, when you have the boilers on 
a hill the chimney can be carried above all the surround- 
ing buildings, so that the smoke and gases can be carried 
over them, whereas with the usual methods the chimney is 
generally just high enough to let the smoke flow across the 
‘ampus and into the windows of the buildings when the wind is 
favorable. 

With regard to carrying the condensation from the buildings 
to the central station, it makes little or no difference where the 
central station is. The power to send the water back must be 
at a point where condensation takes place. Usually the water 
must gravitate to the lowest point in the building, and must 
then be taken out by pumps, and sent up the hill, if there is a hill. 

The fact of distributing the steam at somewhat various 
pressures to the different buildings has very little to do with 
the result. When a little error is made in proportioning pipes, 
it does not make much difference, with a high-pressure central 
plant of, say, 125 pounds pressure of steam at the boilers, and 
reducing valves at the buildings, to cut it down to 5 or 10 
pounds for heating, and to 100 pounds or thereabouts for 
engines. 
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Therefore, it looks to me that the central high-pressure steam 
plant with comparatively small pipes and distributed engine 
plants will secure the greatest economy in a navy and also in a 
university group. Of course, where the buildings are very 
close together this may be modified. 

Mr. Paul H. Grimm.—1 think this question of establishing a 
power plant at the Brooklyn Navy Yard should be considered 
from a standpoint different from that of the central power 
station, or a central electric station situated on high ground ; 
we must bear in mind that the Brooklyn Navy Yard is located 
very close to tide level. Ilence I submit that a tunnel, such as 
Mr. Kent speaks of, for the accommodation of steam pipes and 
electrical conductors, would be impracticable ; then, again, the 
distribution of power in a navy yard should be considered more 
from the standpoint of a large manufacturing concern with 
buildings covering a large area rather than «a street railway 
central station. 

The navy yard has groups of buildings scattered over consid- 
erable territory, and it seems to me that if power units suitable 
to these several groups were established convenient to these 
buildings there would be great advantage at times to be able to 
run the machine shop, boiler shop, or perhaps some other 
building, at night in an emergency without interfering with any 
of the rest of the plant. It may be said that there is greater 
economy in one central station in the matter of labor-saving, 
and this, I think, is the only point that could be claimed in 
favor of the central station plan in this case, but in many 
instances, especially in large manufacturing concerns, where the 
question of operating the whole or any part of the plant at all 
times is of prime importance, the question of labor-saving often 
makes a very small offset against the other advantages of the 
separate unit plants, and I think this would be especially true 
in the case of the navy yard. I believe that a number of units 
established reasonably near the point of consumption of power 
would be preferable in this case to one central station, no 
matter how well equipped, nor how well arranged for economy, 
especially when it contemplates carrying the steam an elee- 
tricity from that point to all the different points of consump- 
tion in tunnels. 

Professor Bull.*—After reading the discussion, the author of 
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the paper feels especially sorry that he was unable to be present 
at the meeting when the paper was discussed, as he is perfectly 
certain that various misunderstandings in regard to the paper, 
under which several of the participants in the discussion 
labored, could easily have been explained, whereby a number of 
the criticisms would have been shown to have no foundation in 
fact. As it is, it will be necessary to take these up in detail, 
and, for convenience’ sake, they will be considered in the order 
in which they appear in the discussion. 

Mr. Bryan’s statement that the carrying of two different 
pressures in the same boiler plant should be avoided wherever 
possible, I fully agree with. However, at this central heating 
plant it could not be avoided for several reasons, the principal 
one being that several of the boilers on hand when the plant 
was established could not carry as high a pressure as 100 
pounds, which was the lowest pressure that could be used for 
power purposes at the university. If these boilers could have 
been disposed of and stronger boilers substituted, no doubt a 
decided economy and a great simplification would have resulted, 
but such was not the case, and the necessity of carrying two 
different pressures is one of the several shortcomings which 
prevented the plant in question from being a model one, as 
repeatedly stated in the paper. The above explanation also 
answers Mr. Bryan’s suggestion of the use of one reducing 
valve at the boiler house. 

The pressures carried on the heating mains in the various 
buildings vary from day to day, depending on the caprice of the 
janitors who take care of the buildings. The steam pressure 
will therefore not be the lowest in the same building at all 
times, which fact makes it necessary to provide the returns 
from a// the buildings with traps, and not, as suggested by Mr. 
Bryan, all but the one which is most difficult to heat. I sup- 
pose that Mr. Bryan means that the pressure carried should be 
high enough to suit the building most difficult to heat, and not 
low enough, as stated in his discussion. It might also be 
pointed out at this place that four of the buildings heated are 
below the level of the boiler house, so that the return water 
must be pumped back and could not return by gravity, as sug- 
gested by Mr. Bryan in the same paragraph. 

Mr. Bryan does not seem to understand my statement in 
regard to the non-working of the automatic pumps as traps. 
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These pumps with receivers are only used in the four buildings 
which are lower than the boiler house. Suppose the pressure 
carried in the building be 10 pounds, then, if there be no traps, 
there will be the same pressure in the receiver, and if the 
resistance to the flow of the water back to the boiler house, 
including the resistance due to the difference of level, be 
smaller than the 10 pounds carried, the water will pass through 
the pump, without its working, and there will be a pressure of 
approximately 10 pounds in the receiver at the boiler house, 
which will prevent the return water from coming back from all 
of those buildings in which the steam pressure is lower than 
10 pounds or thereabouts, because the traps in these buildings 
will not work. As it is arranged now in the boiler house, there 
is no pressure in the receiver, so that the traps will always 
work whatever be the pressure carried in the various buildings. 
The use of a vacuum system throughout the whole plant would 
be a very good thing, but it would not do away with the traps, 
as it has been found necessary to use steam of higher pressure 
in the coils connected with the fans than is used in the direct 
radiation or which would be used in case a vacuum system was 
introduced. 

I did not intend to raise the question of the advisability of 
the establishment of the central plant in my paper, but quite 
a large part of the discussion was directed at this question, 
and I therefore also take the liberty of contributing my share 
to this discussion. 

Mr. Bolton seems to think that it was a very doubtful 
question whether there was any advantage in the establishment 
of the central heating plant, as the circumstances were at the 
University of Wisconsin. But it seems to me that the reasons 
why he doubts the wisdom of the move are entirely false. 
First of all, the establishment of the central plant was not 
owing to the fact that a good deal of money had been spent on 
the boiler house, and that therefore more must be spent to im- 
prove it. If Mr. Bolton will read what is said on the first two 
pages of my paper, he will see that it was only the lova//on of the 
central plant which was determined by the circumstances 
mentioned above. In the second place, Mr. Bolton’s statement 
that we were jumping out of the frying pan into the fire by try- 
ing to use soft coal in place of hard coal proves to me that he 
does not appreciate the circumstances under which we in the 
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West have to labor. The price of hard coal to the university 
has in late years varied between $5.50 and $6.50, whereas the 
coal which we have been using in the central plant has cost us 
from $2.30 to $3.25. This coal has given good satisfaction and 
has cost on the average less than one-half of what the hard coal 
would have cost. It ought to be unnecessary to state that, 
notwithstanding the adoption of “ expensive devices to do away 
with the smoke nuisance,” as stated by Mr. Bolton, the soft 
coal is very much cheaper to use than hard coal—here at 
Madison. Some of the reasons for the establishment of the 
central plant have been given by my colleague, Professor 
Jones, but I will state that the three principal ones were 
economy in heating the buildings, reduction in danger of fire, 
and increase of cleanliness, all of which expectations have been 
amply justified by the results obtained. 

That there are faults in the layout of the plant T do not 
doubt for a minute, but Mr. Bolton must have entirely over- 
looked what I have stated in the paper, that the plant is not a 
model one, for he says: “ At the same time it should not go on 
record as being an ideal arrangement.’ It may be that the 
carrying of two pressures was “absurd” in the mind of Mr. 
Bolton, but it was a necessity, as explained before ; consequently 
an absurd necessity. 

It was explained in the paper that there were two mains leading 
to each building heated, one large one for use during the cold 
weather, and the other for the milder weather during spring 
and fall. Steam of both pressures is of carried to these 
buildings, with the exception of the machine shop .and the 
basement of Science Hall, where steam has to be used for 
power purposes, and in which buildings the heating is done by 
the steam of the lower pressures. The higher-pressure steam is 
alone taken to the pump house, where the necessary heating is 
done by this steam, the pumps being driven by condensing en- 
gines. Mr. Bolton has also concluded—but without good 
reason—that the exhaust is being thrown away. All the ex- 
haust from the various engines driving the fans, pumps in the 
various buildings, as well as from the engines in the machine 
shop, is being used for heating during the daytime, but, as 
these engines and fans do not run during the night, live steam 
from the boilers must be used for more than half the time. The 
exhaust from the engines in the experimental steam laboratory 
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for obvious reasons cannot be used for heating, so that there is 
nothing wasted, and Mr. Bolton’s advice of how to utilize the 
exhaust steam is entirely superfluous. Mr. Bolton’s expressed 
opinion, that it would be entirely practical to carry low-pres- 
sure steam in the tunnels, has not been contradicted by me in 
my paper. I only stated that it would be better to carry high- 
pressure steam and reduce the pressure at the buildings, and 
my statement that it would not pay to carry low-pressure 
steam is not a “ false conclusion.”” On the contrary, Mr. Bolton 
himself admits its correctness by saying that the best way 
would be to carry high-pressure steam to the buildings. I sus- 
pect that Mr. Bolton has misunderstood me in thinking that I 
meant to state that, if high-pressure steam could not be used in 
the tunnels, it would be better not to have a central heating 
plant at all—which, as explained above, I have not stated. 

Mr. Bolton also states that “the whole of this part of the 
plant (referring to the returns) might be very greatly improved. 
The modern practice nowadays is all in the direction of each 
heating unit being separately trapped, and that is what should 
be done in this case.” If the reader will refer to the tenth page 
of the paper, he will see that it is expressly stated that all “ the 
return water is being discharged through traps into the returns,” 
and, further, “that the heating apparatus of each building is 
entirely independent of that of every other building.” a_suf- 
ficient answer to the criticism quoted above, the making of 
which can only be explained by a very careless reading of the 
paper. 

The criticism of Mr. Bolton in regard to the location of the 
feed-water heater is rather to the point. However, because of 
special reasons, which it would take too long time to enumerate, 
it was found impracticable to place the heater between the feed 
pump and the boiler, and I will only state that the feed-water 
heater is of small importance in this plant, as the amount of 
exhaust steam available in the boiler house is very small com- 
pared with the amount of feed water to be heated, and it would 
not nearly heat the water up to 170 degrees, which is consid- 
ered so disappointing to Mr. Bolton, even if the heater had 
been placed in the proper positicn relatively to the pump. In 
the paper it was explained how this temperature of 170 degrees 
was reached. 


I am very certain that there is no statement in my paper 
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which justly could lead Mr. Bolton to believe that I used 
“high-pressure ” steam for the tempering coils. On the con- 
trary, on the eighth page, I state that it is desirable to use a 
“higher pressure” for these coils than for the direct radiation. 
As a matter of fact, it may be stated that the pressure is hardly 
ever higher than 10 pounds for these coils. 

As to the advisability of using coal-handling machinery, 
there may, of course, be a variety of opinions. However, my 
experience with this plant during these five years has fully 
convinced me that the machinery is a very well-paying invest- 
ment, taking everything in consideration. It might also be 
pointed out that a very important point in this particular 
instance is the cleanliness resulting from the use of coal-hand- 
ling machinery in connection with the mechanical stokers. 

Mr. Bolton has probably forgotten that the primary reason 
for using the stokers in this instance was the prevention of 
smoke when using bituminous coal; otherwise he would not 
have stated that “they (the stokers) are simply a means of 
making the human stokers idle.” I desire, however, also to go 
on record as being of the opinion that these mechanical stokers 
are a good investment in other respects besides the prevention 
of smoke. They are clean, allow the use of an inferior grade 
of coal, and reduce the number of the required “ human 
stokers.” Against these advantages there are, of course, disad- 
vantages, which, however, in my opinion, do not balance the first. 

The criticism in regard to the supporting of the pipes in the 
tunnels I appreciate, and I am aware that the suspension of the 
pipes by means of chains is not an ideal one. On the other 
hand, the method advocated by Mr. Bolton seems to me entirely 
impractical in a tunnel; whereas the other and better methods 
which have been used at other places are so costly that I could 
not use them in the plant described. We have found it possible 
to align the pipes in the tunnels very satisfactorily by means of 
the chains, a proof of which is the proper working of the 
numerous expansion joints. 

Mr. Bolton finds an argument against the adoption of a cen- 
tral plant in a statement in my paper to the effect that the 
efficiency of the plant varies a great deal on account of the 
yariation in the consumption of steam from time to time. That 
this is true does not need any proof, but I must insist that the 
conclusion which Mr. Bolton draws from the statement is 
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entirely erroneous. If there were no central plant, then in 
mild weather, for instance, it would be necessary to run one 
boiler in each building, but very much below the rated capacity 
of each, and therefore very uneconomically, whereas in the case 
of the central plant less than half of this number of boilers 
would have to be run, and more nearly at their rated capacity. 
As to the variation of the consumption of steam during the 
various hours of the day it is only necessary to state that, 
although the total variation would be greater in the case of the 
central plant than for each of the separate boilers, yet it would 
be smaller for each boiler in the central plant than for each of 
the separate ones, and consequently the boilers in the central 
plant will be 1un at a more economical rate than the boilers 
in the separate buildings. It seems to me that one of the 
strongest reasons for the establishment of a central plant is 
the fact that the boiler capacity can be more nearly adapted to 
the consumption of steam than when the boilers are located in 
the separate buildings. 

Coming to Mr. Kent's criticism of the results of the testing of 
the coals used for moisture, I must admit that he has good 
reason to be sceptical. The method used was the old-fashioned 
one of placing the coal on the boiler, or rather on the breech- 
ing. The statement in the paper that the drying was done in 
twenty-four hours is a slip—the coal was left so long on the 
breeching as the weight was decreasing. I fully realize that the 
percentages of moisture in the three kinds of coal tested and 
given in the paper are not absolute — only relative. 

Professor Aldrich’s general criticisms of the wastefulness of 
the many small engines and pumps seattered about in the 
various buildings I agree with to a certain extent. But if he 
remembers that all of the steam used by these engines is 
utilized for heating afterwards, I think he will agree with me in 
placing the ultimate loss due to the wastefulness of the engines 
as very small. I suspect that Professor Aldrichs experience 
with respect to “the changing politics and policies” of the 
administration has been a great deal worse than mine—other- 
wise he would not have brought this side out so prominently. 
I can state with utmost frankness that polities has never had 
anything to do with the administration of the University of 
Wisconsin, and the changing of policy is nothing else than one 
can expect in any corporation. 
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DCCCXXIII.* 
ROLLING-MILL FLYWHEELS. 


BY JOHN FRITZ, BETHLEHEM, PA. 


(Member of the Society and Past President.) 


In the early days of rolling mills the machinery was of the 
crudest character. The men who built and looked after it were 
called millwrights, or forge carpenters; consequently, wood was 
used in its construction to as great an extent as was possible. 
All of the earlier flywheels, as you will see by the tracing, had 
wooden arms, at least so far as I know, and Fig. 319 shows the 
general way of fitting them in. They were made of hardwood, 
locust or white oak preferred, and about 6 to 8 inches in thick- 


ness, width as per tracing 


1g. 

Figs. 316, 317, and 319 give the plan of securing the rims of the 
wheels together. The segments are in halves, and secured to- 
gether with gibs and keys, same as shown in Fig. 319. Hav- 
ing no machine tools when these wheels were built, they were put 
together practically as the castings came from the foundry, with 
the lumps and swells chipped off with a two-handed chisel and 
sledge, which naturally caused a weak wheel. They were made 
of cold-blast charcoal iron, which was greatly in their favor, and 
no doubt this fact prevented many accidents. 

In the course of time the millwright and carpenter were dis- 
placed by the machinist, and with the introduction of machine 
tools, especially the planer, the wheels were better fitted up, but 
not much safer, in consequence of the use of iron made from 
mineral coal, in place of charcoal. 

The machinist now became the mechanical engineer, and, wood 
not being his forte, he made the flywheel all of cast iron, as shown 
in Fig. 318. The centre, arms, and segments were cast separately, 
and had the ends of the segments been well fitted together the 
wheel would have given no trouble. The slots for the tees were, 
unfortunately, too close to the end of the segment ; the result was 


* Presented at the Washington meeting (May, 1899) of the American Society 
of Mechanica! Engineers, and forming part of Volume XX. of the Zransactions, 
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that they pulled the end of the casting off, and we had to chip 
grooves across the face of the wheel, and put heavy links around 
them, as shown on tracing, Fig. 318, which made a good wheel out 
of it. This was done in 1854, and I think the wheel is yet in use, 
but never ran at high speed. 

Not considering these wheels safe, was in constant fear of 
their going to pieces, which is generally attended with the most 
disastrous results. | abandoned entirely the old mode of making 
wheels, and adopted plan ‘No. 5—easting the centre and arms 
together, and the rim in one piece, with lugs on the inside of the 


Scale, 1-6 Ft. 


Scale, 14" 1 Ft. 


Fritz Scale, Ft. 


Fire. 317. Fig, 316, Fia. 320. 


rim, as shown on tracing, Fig. 320. On the ends of the arms were 
pads to correspond with the lugs on the rim. When the arms 
were put in the rim there was a space of about one-quarter of an 
inch, in which oakum was driven tightly, which kept the arms in 
place. This made an excellent wheel, and in some cases wood 
was used to fill the space in, which thin steel keys were driven. 
There are several of these wheels that have been in use over 
thirty-five years, and, so far as I know, never have given any 
trouble. The wheels were 20 feet in diameter, with rims about 
12 inches square. 

With the introduction of steel for rails and structural material, 
it became necessary to increase the diameter of rolls. This 


change necessitated heavier wheels, and larger in diameter, 
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which made it impracticable to use solid-rimmed wheels; conse- 
quently, some plan that was portable had to be adopted. After 
much thought the plan represented by Fig. 321 was concluded the 
best and safest, and there are now a number of wheels of this 
type in use, varying in diameter from 20 to 30 feet. I do not 
know that any one of them ever has given a particle of trouble in 
any way, and there are a number of wheels, as per Fig. 321, that 
have been in use for twenty-five years, some which have encoun- 
tered, and are daily liable to encounter, the most severe strains 
that it is possible for a flywheel to be subjected to, and are to-day 
apparently as safe as the day they were started. 

It has been said that flywheels go to pieces in consequence 
of the irregular work, and engines driving dynamos for power 
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purposes have been included in this class; but the strain on a fly- 
wheel driving a dynamo cannot be compared with that of a rolling 
mill. In the former the work occasionally varies from nil to full 
power, while that of an engine driving a rail mill changes from 
nil to practically full power while rolling a single rail twelve 
times, which requires about one minute. 

Let us for a moment think of a flywheel 26 feet in diameter, 
16-inch rim, making from 70 to 80 revolutions per minute, rolling 
a steel bloom into a rail. When about one-half done—say, about 
16 feet in length—instead of the piece going straight out through 
the rolls on the guides, as intended, it sometimes wedges in the 
groove, and in less than a second of time it has completely 
encircled the roll, and forms what in rolling-mill phrase is called 
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a collar, and continues to wind around the roll until something 
must happen, either the breaking of a roll, a spindle, or coupling, 
or the engine must be brought to a standstill in an almost incred- 
ible short space of time. The torsion on the spindles and 
couplings is so great that it causes the wheel to rebound. To 
calculate the strain the wheel is subjected to under these con- 
ditions will require some one better posted in mathematics than 
I am. 

The fact that the introduction of steel in various forms required 
larger rolls, heavier wheels, and larger in diameter, which made 
it impracticable to use a solid-rimmed wheel, led to the adop- 
tion of plan of wheel, Fig. 321; the tracing makes it so plain 
that it wants but little explanation. The segmeut is cast hollow, 
and also the arms, which are made at the ends to compare 
in thickness to the segment, so as to relieve them of strains 
which might occur if the segments were cast solid. The holes 
in the segments are small at the ends, so as to make up for the 
metal taken out for the tees. The links, or tees, are different 
lengths, so that the strain on the segments will not come all at 
one place, and by using oil-tempered steel in the links, or double 
tees, the rim will be practically as strong at the joints as it is 
elsewhere. 

In fitting up the wheel, the centre is bored out, and the ends of 
the hub are faced off. It then is taken to the planer, and a centre- 
guide plate for the hub is made, and bolted to the planer table. 
Then a boring bar is arranged to bore out the hole and face it off 
to a given distance from the centre for the shoulder of the arm to 
rest on. There are small chipping pieces on both inner sides of 
the receptacle for the arm. They are planed off at the same 
setting, to the proper and uniform width, and true to the centre. 
This finishes the centre. 

Next the arm goes on the planer and is set true to the average 
centre, and with a socket on the end of the boring bar with inside 
cutters the end of the arm is turned off, and the shoulder is 
faced off to the proper length for the arm to rest on; so at 
this setting the chipping piece on the upper side of arm, as it 
lies on the planer, corresponding with the same in the centre, is 


planed off, and the average centre of the segment is also care- 
fully taken and correctly worked. 

After the arms are thus far finished, they are placed on the 
planer again, the other side up, and a socket is made to fit over the 
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end of the arm which goes into the socket and against the shoulder. 
On the opposite end of the socket is a hole bored, say, 13 inches 
or 2 inches in diameter. The length of arm must be, from the 
centre of the hole to the bottom of socket which arm rests on, 
the same as the distance from the face upon which the arm rests 
to the centre of the hole in shaft. 

Next secure a pin on the planer bed to correspond in size with 
the hole in the end of socket piece. Then put the socket on the 
end of the arm and on the pin; then bolt the arm down true on 
the side that is planed, and finish to the proper size. When this 
is done, find the exact length of the segment and set it in line 
with the centre, and you have the exact angle, and when all is 
done correctly the wheel will fit together without a chisel or a 
file being used on it, and will rur true, without turning, minus the 
irregularities in the castings. 

You will notice there are no abrupt changes in the thickness 
of the castings, thus avoiding as much as possible the liability of 
the strains. The joints in the segments are generally the weak 
part of the wheel. In this respect a wheel made from this draw- 
ing will be stronger than the original, as the tees in the segments 
in the wheel now in use were made of wrought iron, and will prob- 
ably not stand over 50,000 pounds tensile per square inch, while in 
this wheel, if I was to build another, I would use steel that would 
stand at least 85,000 pounds tensile. This would make the joints 
practically as strong as the segments. 

It will be noticed on tracing there is a space in the centre of 
about 4 inch in front and rear side of eacharm. This is filled with 
oakum and driven hard, after the wheel is finished and in place, 
to keep the arm from yielding in the direction of the strain, and 
at the same time greatly lessens the work of fitting up the wheel. 
The 12-inch round holes shown on tracing, through the centre and 
arm, are reamed out, and steel pins made and turned so that they 
will drive in snugly. ’ 

The bolt shown in segment in Fig. 318 does not belong to this 
wheel, but was simply put in there to show the plan that, in many 
cases, was adopted to make the wheels more secure, and is used 
to some extent at this time. 
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DISCUSSION, 


Prof. C.V. Kerr.-T owe Mr. Fritz a debt of gratitude for bring- 
ing out one point in his paper, and that is in connection with Fig. 
320. As a part of my regular work in steam-engine design, | 
paid some attention to the question of the stresses in flywheel 
rims and arms, and I have been for some time harboring a pro- 
position in regard to the construction of flywheels which was a 
little startling to me at first, and I hesitated to say anything 
about it; but Mr. Fritz having made the statement that he does 
in regard to construction in connection with Fig. 320, [ seo that 
my idea is correct. When such a flywheel as this is running at 
any given velocity, the centrifugal force of the rim puts a uniferm 
radial load on the rim. Now if, as is usually the case, the rim 
is made in one piece or bolted rigidly together, and the arms 
are fixed solidly in the hub and rigidly at the rim, it constitutes 
of that flywheel rim essentially a continuous girder in which the 
points of support are at the ends of the arms. The effect of this 
centrifugal force acting radially is to bend that rim outward, so 
that, starting at the end of the arm, you have a reversed curve. 
That fact puts a bending moment in the rim at the end of 
the arm, such as if this were carried to the point of rupture it 
would begin to break, and it also puts another maximum moment 
at the middle of the segment tending to break it on the outside 
first. Now, the moment at this point, the end of the arm, is 
approximately double what it is at the middle of the segment. 
Consequently, the greater strain, if it is a solid rim, is at this 
point. If, however, as Professor Benjamin's experiments very 
plainly showed, the joint in the middle of the rim tends to open 
out, it would take this V shape. That relieves for the moment 
the stress at the middle of the rim and puts it at the end of the 
arm, so that it increases the stress at that point. So far as 
the arm is concerned, you see it is the function of the arm to 
put this bending stress into the rim. Consequently, we have to 
go for safety to one of two extremes. If, as stated in the dis- 
cussion of Professor Benjamin’s paper, the arm strengthens the 
rim, then the more the better; and that is true in a sense, be- 
cause the moments at the outside and the inside of the rim 
depend on a square of the length of segment. Consequently, 
the more arms you put in, the smaller will be these moments, 
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and that extveme will lead to putting in arms enough to make a 
solid disk—which of course we do not want on account of the 
weight. On the other hand. if we put in arms not fixed at the 


rim, then we relieve this bending tension entirely, and it becomes 


simply 2 question of hoop tension. Now, that is the conclusion 
to which I came in considering the stresses in the flywheel rim. 
Fig. 320 of Mr. Fritz’s paper shows exactly that condition. It 
is true that a little oakum was driven in between the arm and 
the rim lug in order to keep the arm in place ; but we cannot 
for a moment conclude that it prevented this rim from expand- 
ing as it wanted to do. In view of the fact that we must have 
arms in order to drive the rim, then it seems to me that the best 
construction would be to leave the bolts loose at the rim. That 
is, if you turn to Fig. 318 in Mr. Fritz’s paper, then the bend- 
ing stress in the rim would be entirely relieved, simply by back- 
ing off the nuts on those bolts which hold the arm to the rim. 
It will oceur to you, probably, as it did to me, What is to 
be the effect on the running of that wheel? Won't it get to 
wabbling, especially under belt pull and under the effect of 
gravity ? If you take a 24-foot wheel, which probably is about 
the size of your rolling-mill wheels, and if that runs at, say, 
72 revolutions a minute, that will give it a rim velocity of 
between 90 and 100 feet per second. That would give a cen- 
trifugal tension of probably 800 pounds only in the rim. Allow- 
ing, say, 12,000,000 as the coefficient of elasticity for cast iron, 
that would give an elongation of the entire rim of about ,§, 
of an inch, and if you put that upon one arm it comes down to 
iiy Of an inch. Consequently, the amount of swelling of the 
rim due to the centrifugal force is not enough to occasion any 
trouble in regard to the driving. You will notice that so far as 
the effect of gravity is concerned in a six-arm wheel, it will be 
supported by the bolts or pins at the ends of the horizontal 
diameter, and to support the belt pull there would be the bolts 
at the end of the vertical diameter, so that so far as that goes 
there would be no trouble. 


I consider this a really important point. I have supervi- 
sion of three engines, one of which, a highspeed engine, 
has a bending tension in the rim at its ordinary speed of 
about 4,800 pounds, and a centrifugal tension of about 350. 
Another one, a Corliss engine, with 16-foot flywheel, has a 
tension in the rim of about 4,200, and a centrifugal tension of 
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about 320. Another wheel, 6 feet in diameter, has about the 
same centrifugal tension and 7,800 pounds bending stress. Now, 
flywheels have usually been designed simply on the basis of this 
centrifugal tension, and I have just mentioned a case in which 
the ratio of the centrifugal tension to the bending tension is 
22 to 1. For similar reasons a good many of the wheels have 
gone to pieces. [ would like to refer you to an illustration in 
Power for November, 1897, in which a 13 foot flywheel ran away 
and burst. The wheel was put together again after the accident, 
and it showed that the breaks were exactly at the poin’s indi- 
vated by analysis. So far as the arms of the flywheel are 
concerned, leaving them loose at the rim would be somewhat 
to the disadvantage of the arm, for the reason that ordinarily 
the arm under the action of inertia or belt pull tends to deflect 
into a curve which is more or less like the middle half of the 
letter S, with a maximum stress at rim and hub. If the arm 
were left free that would put a maximum stress at the hub, 
which would be approximately one-half greater than it is with 
arms fixed; but we will relieve the tension due to centrifugal 
force of the rim segment supported, so that with the same ma- 
terial we can make an arm fully as strong. 

There is another article to which I would like to refer— 
Power for January, 1894—where a wheel suddenly stopped, 
broke all the arms at hub and rim, and the rim dropped down 
into the pit. That was to me at least a demonstration which 
was not to be gaiusaid in regard to the stresses in flywheel arms. 
Moreover, these stresses, which in fact occur periodically 
during constant speed and on opposite sides of the arm, are 
reversed during each stroke. 

Mr. William Neut.—I have recently seen a flywheel which 
violates Mr. Stanwood’s principles in having the joint half way 
between the arms. The rim was not very thick, not over 3 
inches, and the width was probably 15 inches. It went to 
pieces by breaking through the flange. The section of the 
break showed a lot of dirt, blow-holes, and cinders. It seemed 
as if all the rubbish out of the end of the ladle came right to the 
most dangerous point of the flywheel, and the discovery was 
made that inside of this fractured piece was a lot of pieces of 
babbitt metal, or some other metal, which had been put in there 
to hide the defect, but it had not completely filled it. Nobody 
was hurt by the accident, but if there had been somebody hurt 
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or killed there might have been an action for damages or man- 
slaughter that would have led to the punishment of the criminal 
in that foundry who put babbitt metal in a flaw in the most 
dangerous part of an engine. ; 

Mr. Oberlin Smith.—1t seems to me that it is a disgrace to this 
age of mechanical engineering to have so many flywheels burst. 
ing all over the country. We talk about it and propose a 
hundred different ways of keeping them together, yet we do not 
always attain our end. The time has come. when something 
should be done. Undoubtedly a flywheel rim should be of 
forged metal if possible, though it does not seem practicable in 
all cases. It is rather painful to see the mancuvring there is 
with cast-iron wheels to keep the rim from breaking the spokes, 
and the spokes from breaking the rim. Of course when we cast 
the wheel all in one piece we have on the rim the bending action 
of the spokes, and if we fasten the spokes separately to the 
rims in small wheels we fail to get economy in cost. My expe- 
rience with small flywheels up to 4 or 5 feet in diameter has 
been that, if they are properly cast, so as to relieve the initial 
tensile strain on the spokes, there is not much trouble with 
them, but even then the spokes will crack sometimes unless 
great care is taken in casting. The best way seems to be to 
take the sand off the middie of the wheel first, not enough to 
stretch the spokes and crack them as they shrink, but just 
enough so they can shrink and be put under some tension. Then 
afterwards as the rim cools it contracts upon them and relieves 
such tension, putting the wheel approximately in a state of 
equilibrium. 

Leaving these small wheels and speaking of the larger ones, 
Mr. Fritz’s general idea of a complete rim cast in one piece, 
and spokes cast separately, is undoubtedly good. His spokes, 
which are simply caulked into a recess in the rim with oakum, 
practically form a loose joint, and I here suggest as a subst tute 
(for cases where it would be suitable) a simple pin-joint, thus, 
as in Fig. 322. In this case we would have a rim made up in 


one piece, or, if it was too large, made up in several pieces, 
rigidly fastened together so as to practically form one piece, and 
that rim would take care of itself if strong enough. It seems 
absurd that we should put a lot of artificial bending stresses 
into a rim in addition to the normal tensile stress which it 
must have. 
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With my pivoted joint (which probably is not new, although 
I have never seen it used) we have a neat job, and the spokes 
will take a part of the outward pull of the rim. One objection 
to making the spokes thus loose at the outer end is that we are 
using them as one-ended beams, which require considerable 
lateral strength in comparison with ordinary spokes, acting as 
beams of double support. But we simply need to make the 
spokes of proper proportion, and wider perhaps than usual, so 
as to get strong beams. If we do the other way, fastening the 
spokes rigidly to the rim, we are getting a lighter, cheaper, 
double-ended beam, but are putting a lot of bending stresses 
into our rim, which has all it can do (and sometimes more) to 
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withstand the centrifugal force alone. It therefore seems to me 
that the coming large flywheel will have, wherever possible, a 
separate rim with spokes put loosely into it in the way that has 
been suggested by Mr. Fritz, or perhaps with simply a pin- 
joint. The spider would thus be a thing of itself, entirely 
relieved of initial s‘rains, as would also the rim. A still better 
rim, of course the ideal one, would be a forging or a built up 
structure of forged metal. It would not be a matter of great 
difficulty with moderate sizes to cast a rim with the proper 
spoke lugs, and shrink upon it a forged tire, or to wind it with 
wire, preferably of square cross-section. 


Mr. Gus. C. Henning.—1 have had oceasion at a previous 
meeting to point out why Mr. Fritz’s wheels ran so well, and in 
fact it was suggested that none ever failed —“ that they were all 
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right.” The point in the design of flywheels to which Mr. 
Fritz has given more attention than anyone else is this, that 
he eliminates all the weak material in every part of the wheel, 
at the same time eliminating the possibility of dangerous shrink- 
age strains in the corners, and also making provision for uniform 
shrinkage of the different parts of the wheel, so that no matter 
what the shrinkage is it is harmless. This can be done by 
casting the arms in the manner shown. The material in these 
sections, as shown in the arms and in the rims, is always in the 
best shape. The material at the centre of solid rims, hubs, and 
arms is always in the poorest shape. In fact, it is frequently 
hollow or segregated, and we rarely ever know the actual strength 
for this mass of material. The material in the ribs joining the 
arms and rim is more rigid than the other, and its rigidity, as I 
pointed out last fall, makes the wheels good and strong. Key- 
ing the wheel together where the greatest bending moments 
occur, as shown by the sketch, and providing the strongest 
material at this place, as Professor Kerr showed, leaves the 
material in the best condition, and united in a thorough manner 
where it would otherwise be weakest. I think the advantage of 
using cast iron in the shape in which we know it best is one of 
the essential points in the wheel. A hollow rim would certainly 
be much better in every respect, properly cast, than a solid rim, 
because the material would be in a known condition which we 
know to be reliabie. Of course it is well known that this oakum 
packing makes an elastic connection, and when the inertia due 
to the reversal of the roll train or a sudden stoppage acts 
through the rim of the wheel and the arms there is always a 
certain amount of compressibility of material at the hub which 
prevents all of the load coming entirely on the arms suddenly. 
Of course, this shape is more rigid than the same amount of 
solid material would be; that is, the same weight of material in 
this rim makes it very much stiffer than it would be if it were 
solid. Taking all these matters into consideration, I think it 
explains why these wheels have never failed. 

Mr. Jas. Me Bride.—My. Fritz at the last meeting promised to 
show us a flywheel of his design that he had bailt and run fon 
years, and which had never broken. There we have it, and I 
think that he has in the design of that wheel eliminated every 
weakness. It has been sufficiently strong for thirty years to do 
the work for which it was designed. 
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Mr. Nery.—If we are to enumerate the names of those who have 
investigated flywheel stresses, then in addition to that of Mr. 
Stanwood we ouglit at least to mention that of Professor Lanza, 
and, L believe of an earlier date, that of Professor Unwin. The 
fact is that the speeding up cf flywheels, especially those on 
Corliss engines, due to the demands of electric-lighting service, 
has been largely responsible for the large number of flywheel 
accidents. The factor of safety in those wheels was already 
sinall when first designed,and the speeding up simply caused them 
to pass their point of safety. Now, as Mr. Fritz has already 
used this method of construction which [ have proposed, T would 
like to see the type of band flywheel tried by some one. I think 
it is safe, in fact the safest form of flywheel that can be de- 
signed. Numerous sections of flywheel rims, somewhat fan- 
tastic, have been proposed; but I think the safest section is 
simply the plain rectangular section with the arms free-—that is, 
that the rim expand under its own tension. The references 
which L made to Power will, [ think, prove conclusively to those 
who will investigate the circumstances the actual facts that the 
maximum stresses in wheels do come as has been indicated here. 

In justice to myself L should add that my note books show 
original and complete analysis of the stresses in flywheel rims 
and arms of a date at which IT did not have the benefit of the 
work done by Professors Stanwood and Lanza. There are 
no doubt others who have investigated these stresses inde- 
pendently. 

Mr. Wiltred Lewis.—1 lave just one suggestion to make. It 
has been pointed out that the danger to flywheels is due chiefly 
to bending strains, and that the construction shown in Fig. 5 
tends to relieve the bending strains through the elasticity of the 
oakum packed in the joint. Possibly a looseness in the joint 
would be favorable to the distribution of the strains in the rim 
and arms, but it could not be advocated as good practice. 
Now, it seems to me that the proper way to relieve the bending 
strains while running is to set up bending strains when the 
wheel is standing, and that the construction shown in Fig. 321 
lends itself particularly to the accomplishment of that end. If 
the arms are put in compression when the wheel is at rest by 
wedges driven in on top of the arm, instead of leaving it loose, 
as suggested, then the rim wouid be under bending strain when 


standing, and when running at the proper speed it would be 


958 ROLLING-MILL FLYWHEELS. 


entirely relieved of bending strain, and subjected only to hoop 
tension, which is more easily taken care of. 

Mr. James LB. Staniwood.--1 have recently had occasion to in- 
vestigate the strain thrown on the rim of a wide band wheel by 
the usual form of lug located midway between the arms. I find 
that such a lug will often double the strain on the rim, besides 
weakening the rim itself. 

It has heen my pleasure to visit Professor Benjamin at Cleve- 
land and to have inspected some of the burst wheels upon 
which he has experimented. At the last meeting of the Society 
I called attention to the fact that if the lug was located near the 
arm, say about one-fifth to one-fourth of the entire span of one 
arm, then I believed that wheels so constructed would be 
stronger. I hope that Professor Benjamin will be able to give 
us some experimental demonstration on this case. 

In regard to wheels in general, there is less danger from the 
large square rim wheels which are stiff in the rim in relation to 
the strength of arms, and which are usually constructed under 
the eye of a competent engineer, than the “commercial” band 
flywheels and pulleys, which are designed and used in an indis- 
criminate manner. If some simple standard proportions and de- 
sign, based both on practice and theory, could be evolved for such 
wheels there would be less loss of life and property than now. 

Prot. Forrest R. Jones. —During the last year I was investi- 
gating different flywheels in order to see what might be made 
by our representative builders. I found three that seemed to be 
worthy of particular attention. One was made by the E. P. 
Allis Company, of Miiwaukee. It had tangent arms placed 
somewhat as in a bieyele wheel, the arms being made of rectan- 
gular-section bar iron, however, and so attached to the rim that 
the side-bending action of one was counteracted by that of 
another. This particular flywheel was designed for a mine-hoist- 
ing engine where the variation of load was very great. 

Another, by a different concern, was a band wheel of a form 
which has not been mentioned here to-day, in which there is a 
very broad and comparatively thin rim. The manufacturers of 
this wheel had noticed that fractures very often oceur in such 


wheels in the arms, so their idea was to design an arm which 
would not be apt to break. They made the arm hollow, larger 
at the hub, both in diameter and thickness, than at the rim. 
Through the centre of the arm they put a rather large tension 
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rod of steel, with either a key or nut on one end for tightening 
it, so as to put the cast-iron part of the arm in compression by 
putting the steel rod in it in tension, thereby relieving the cast 
iron of the tension partly or wholly. 

Another form, made by two or three manufacturers, I believe, 
is that in which the arm is of an I-beam cross-section, the web 
being placed in the plane of the wheel, this wheel being particu- 
larly adapted to resist strain coming from variations of speed due 
to sudden loading of the engine. 

It was stated a few minutes ago that the wheel sketched on 
the board is the safest form of flywheel that can be designed. 
While this may be true of cast-iron flywheels, there are designs 
in other materials which will unquestionably stand higher 
speeds and greater variations of speed. Notable among these 
are the following two, one made of plate steel and the other 
wound with wire. 

The steel-plate wheel has a web made of a number of seg- 
mental plates placed so as to break joints, and held together by 
rivets passing through from side to side. The rim is built up 
of several pieces of plate metal cut so as to form a ring when 
placed together. These sections are placed together so as to 
break joints, and are riveted through from side to side. Steel 
plate 1 inch thick is used for the web, and 13 and 1} inches 
thick for the rim. The hub is of cast iron, 72 inches in diam- 
eter, made of twodisks. It can be seen that the pulley has what 
might be called a built-up web. The pulley is 18 feet in diam- 
eter and has arim 15}x 16 inches. The web is made of two 
thicknesses of l-inch plate. ‘The factor of safety is about forty. 

The wire-wound flywheel, having a rim composed of wire 
wound cireumferentially under tension around the web, was con- 
structed for use in a rolling mill at Landore, Wales, using the 
Mannesmann process of rolling tubing from the solid bar. In 
this class of rolling a very great amount of power must be sup- 
plied to the machinery ina short time. The strain upon the 
flywheel is accordingly very great, on account of the sudden re- 
duction of speed which it must undergo in order to deliver its 


energy, as well as on account of the high speed at which it runs 
in order to have sufficient energy stored in it. 

The construction adopted is the strongest and safest that can 
be devised. Two steel disks, 20 feet in diameter, are bolted to 
a cast-iron hub. The outer edges of the disks torm a groove 
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into which wire is wound to form the heavy rim. The groove is 
filled with 70 tons of No. 5 steel wire wound on under a tension 
of 50 pounds. The wheel is run at 240 revolutions per minute, 
which corresponds to a circumferential velocity of 15,080 feet, or 
2.85 miles per minute. 

Mr. Boyer.—I would like to ask Mr. Fritz if he ever knew of 
a flywheel of that character going to pieces. 

Mr. Frite.—l never did. 

Mr, Boyer. reeall by my earliest recollection flywheels 
built of that design, and I have no recollection of an accident. 
[ will say to all these fellows that have built wheels that are 
breaking to go and design likewise. 

Mr. Oberlin Smith—l am glad to hear mentioned the wire- 
wound wheel, and there is no question in my mind but that the 
truly good flywheels of the future must be either banded with 
hoops or wire-wound. We should, in making these rims, use 
the same amount of painstaking care to resist the maximum 
bursting stresses as we do with our cannon—begging pardon of 
the naval gentlemen present, [ should say, rather, big guns. In 
regard to wire spokes, or other suspension spokes of any kind, I 
think there is no question that they can be made to do good 
work for a rough wheel; yet an objection to them would seem 
to be that their undue elasticity would lead to the rim not al- 
ways running as true as is required for belting purposes, espe- 
cially as the belt gives a heavy lateral pull. It would therefore 
seem better to use a good, stiff cast-iron spider, preferably, per- 
haps, with the spokes rather large and cast hollow, of elliptical 
section. Such a construction, having them pin-jointed to a steel- 
hooped rim, would, I am inelined to think, make an ideal 
wheel. 

Mr. J. A, Brashear.—I desire to bear testimony to the effi- 
ciency of the wheel designed by Mr. Fritz. During my rolling- 
mill experience of over twenty years I have constructed a 
number of flywheels of this design, and in but one case has one 


of these wheels been destroyed ; that one under quite anomalous 
conditions—namely, by the burning of the rolling mill. The 
heat was so great that the expansion of the rim pulled the 
flange sockets away from the hub, but by making a new hub 
the wheel was reconstructed and is still running. I think this 
construction of a large flywheel is practically perfect, provided 
the castings are carefully made and allowed to cool slowly so 
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that there shall be a minimum of molecular strain in the metal, 
particularly where there is a change of direction in the shape of 
the casting. 

I have seen several flywheels go to pieces, and I believe in 
almost every case the breakage was due to molecular strain 
in the material. 

Mr. Smith refers to a solid circular rim cast flywheel. I very 
well remember an experience with such a wheel. “The owner of 
a rolling mill in which I was employed determined that he 
would cast a solid-rimmed wheel of about 26 feet diameter, and 
to weigh when finished approximately 40 tons. ‘The rim was 
of an oval section about 14 by 12 inches in the major and minor 
axes. Steel arms 4 inches in diameter were cast with the rim, 
and the centre or hub of the wheel was to be cast after the rim 
had become almost cold. The mould was made close to the 
flywheel pit and the metal run in an iron-lined trough across a 
roadway from the old foundry of Knapp & Wade, celebrated 
during the war for casting the Rodman guns. The casting was 
successfully made and allowed to cool for nearly a week, but it 
cooled too rapidly, I think owing to the thin casing of sand 
in the mould, and it went to pieces with a shock that was felt 
for squares around. The rim did not break at symmetrical 
points, such as at the arms, where one might think rupture 
would take place, but between the arms, as well as near them, 
showing tremendous molecular strain. I am certain, from a 
Jong experience in working material, that molecular strain is a 
most potent factor which should be studied very carefully by 
the mechanical engineer. 

Mr. Jno. T. Hawkins.—1 would like to say one word, which I 
am glad to say will be in corroboration of Mr. Fritz and his fly- 
wheel. In the experiments of Professor Benjamin, described at 
the last meeting, I believe his flywheels were all ruptured by 
centrifugal force only. I think there is one feature in flywheels 
lost sight of in this discussion, and that is that there are two 
distinct varieties of strain brought on a flywheel. The facet 
that it is properly proportioned and made to resist one variety 
of strain is no indication that it is able to resist the other. 
The large majority of flywheels which do tear themselves to 
pieces do so on account of high peripheral velocity and the 
resulting centrifugal stress, particularly where the results are 
disastrous to the surroundings from the rim flyin 


ig to pieces. 
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Now, flywheels are also constructed which do not run and do not 
require to run at very high peripheral speed, but are con- 
structed to store up energy during a portion of the revolution 
and give it out at other portions, which is a somewhat distinet 
thing from the other and requires altogether different propor- 
tions and is a different construction really. I quite agree with 
Mr. Smith that it is somewhat of a reproach to the engineers 
that there are so many flywheels bursting throughout the country. 
Where a flywheel is intended to withstand high rotation, with- 
out any severe efforts to arrest its rotation at different points of 
a revolution, it requires a very different structure from that now 
illustrated by Mr. Fritz. This is a typical case of rotative 
effort that is to be stored up during a portion of the revolution, 
or perhaps during two or three revolutions, and suddenly given 
out, and I apprehend myself that the success of this particular 
wheel in the rolling mills is partly due to the fact that its con- 
nection with the hub is made somewhat elastic. Rolling-mill 
stresses more or less suddenly resist the rotation of the rolls 
and are somewhat of the nature of a shock, and when we get 
down to absolute shock we are liable to be shocked ourselves at 
the result. We do not know just exactly how to deal with it, 
and the least elasticity given to a structure of that kind really 
takes the maximum danger away. 

Mr. Fritz’s flywheel is clearly and properly proportioned to 
resist that kind of stress which tends not to produce peripheral 
stress in the rim so much as to produce rupture at the juncture 
of the arms with the rim and the hub; it does not appear, there- 
fore, that the analysis of the stresses brought to rupture the rim, 
given by a previous speaker, applies to the type of flywheel 
described by Mr. Fritz. Flywheels required upon punching, 
shearing, and drawing presses are types of what Mr. Fritz has 
described, and all are quite distinct, for instance, from steam 
engine flywheels. 

Mr. Oberlin Smith—We cannot always know the molecular 
condition of the iron in the interior of a flywheel rim, nor how 
much it is affected by shrinkage strains. It is all right to have 
the best quality of iron, but we must remember that we have 
the ever present blow-hole; and that sometimes there are 
hidden blow-holes, so that we never know what the real cross- 
section is at every point of the rim. Cast-iron rims subject 
to centrifugal forces must be, after all, nothing but a lottery and 
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au venture—and this fact cnnot be impressed too strongly upon 
their makers and users. 

Mr. Fritz.—1 propose to occupy your time but a moment. 
In the first place I am not a talker. Prof. Kerr spoke about 
leaving the arms loose. My experience all my life has been 
to make everything fast. [ do not think it is possible to 
make them loose without getting into trouble. I undertake 
to take care of the strength which he spoke about, in this way. 
In these rims there is no possibility of their getting out of 
a true circle unless the engine runs away, or some remark- 
able accident happens to it. They are made heavy, and being 
cast hollow add depth to the rim, and being securely fastened 
at the ends they form a continuous girder. In regard to the 
tendency of the wheel to go to pieces, I have said in my paper 
that I know of no class of work that is so severe on a flywheel 
as that of the rolling mill, as no work could well be more 
irregular. 

Another thing Professor Kerr has mentioned, the importance 
of getting the right kind of metal, and getting it so distributed 
as to avoid, as far as possible, all casting strains. This is all- 
important, and is one of the great advantages of the hollow rim, 
and had much to do with its adoption. 

A word about cooling. My experience has been, when a 
sasting is made, cover it well, letting no part be exposed to the 
air, so that it will cool uniformly. Another thing about the 
metal. Get it as strong as you can, avoiding all tendency to 
check. We aimed to get 22,000 pounds tensile. Probably it is 
not as high as that, and will range between 20,000 and 22,000 per 
square inch. 

In regard to castings, I have reference to castings that are 
fairly well proportioned in thickness. 

I can only say, in regard to this form of wheel, there are 
fifteen or twenty running, varying from 12 to 30 feet in diam- 
eter. There has never been a particle of trouble, never a tee 
loose or anything else, to the best of my knowledge. One word 
about band wheels. I was asked to make a drawing of one, and 
Fig. 235 shows sucha one as I would use for a rolling mill should 
I be in want of such a wheel. 

Mr. F. A, Halsey—So much has been said about the bending 
strains in flywheel rims that it should be pointed out that Mr. 
Fritz’s design does much to minimize those strains by providing 
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more arms than usual—sixteen in the wheel shown. This is an 
improvement, not only because of the increased strength due to 
the arms, but because the increased number of arms reduces the 
length of the individual segments of the rim. If the depth of 
the rim section, the fact that the rim is a box girder, and the 
small amount of overhang of the segment are considered, it will 
be seen that the bending strain on its rim must be very small. 


Scale, 3 in.=7 feet 


Jobn Frits 


Fie. 235. 


It is more than probable that in Mr. Fritz’s wheel the arms are 
a source of strength and not weakness. 

Mr, Fritz.—In that wheel I tried to get in as large a number 
of arms as possible. That wheel has sixteen arms—-10 inches 
wide where it enters the hub at centre, and 13 inches at top of 
billet, and they are 12 inches the other way, so that the wheel 
is perfectly stiff in both directions. 

Mr. Conly.—M+y. Fritz’s idea of having a good many arms is 
certainly in the right direction. It seems to me that we ought to 
go further and build them up out of steel plates in which the 
rivets or bolts would be made 6 inches or so apart around the 
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rim ; that would be a step still further. Another point about 
flywheels and pulleys is the question of the dust collecting on 
the inside of the rim. <A flywheel of this sort is not so much 
trouble, but in some classes of manufactures, a wheel on which 
there is a belt is a very serious trouble, especially where the 
wheels run night and day, and from one year’s end to the other 
It seems to me that a wheel built on a girder principle of steel 
plates is a step in the right direction. Some of them are now 
in use and giving very satisfactory results. I hope that steel 
pulleys for belts will receive careful consideration by our pulley 
manufacturers, as well as heavy steel flywheels. 

Mr. Fred. A, Waldron.—We are all ready and willing to 
acknowledge that Mr. Fritz’s paper is concise and to the point, 
and we respect the opinion of his associates, and defer in all 
questions regarding cast-iron flywheels in favor of Mr. Fritz’s 
method of construction. Experience for the past twenty-five 
years has showh them to be safe, and in all probability they are 
good for twenty-five years more. 

Conditions, however, are constantly changing. Electricity 
has entered the mechanical field in the last decade, and with its 
rapidly advancing strides demands more perfect steam engines. 
Closer competition demands the greatest economy in floor space 
and steam consumption. To meet these demands the engineer 
is in the field with high piston and rotary speeds, which even to 
the present day have not in all probability reached their limit. 
To meet these conditions, commercially and theoretically, engi- 
neers all naturally turn to a stronger and more certain metal 
than cast iron. 

Mr. Fritz and his associates in the rolling-mill business have 
forced this condition upon us in giving us wrought iron and 
steel which are from four to six times as strong as cast iron, and 
of an infinitely higher elastic limit, together with an absolute 
knowledge of their physical properties. This material can be 
bought in open market, rolled to special shapes, in large quanti- 
ties, from 4 to 14 cent per pound cheaper than cast iron. 

With this condition confronting us, I predict the flywheel of 
the future, whether of the balance-wheel or driving type, will be 
of wrought iron or steel construction, built up from the hub 
with steel plates properly braced as spokes, and a built-up rim, 
made by dovetailing and riveting or bolting the segmental plates 
together. 
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In the case of driving wheels used as flywheels, a modified 
channel or angle section, rolled to suit, shall constitute the rim, 
with a single steel-plate web or arm in the centre tor narrow 
rims, and a plate attached to each side of the rim and braces 
laterally for wider rims. 

Wrought-steel pulleys are now obtainable in open market up 
to 24 inches in diameter. These can be bought as cheaply as 
cast-iron pulleys of corresponding size, if not cheaper. They are 
lighter than cast iron, and, if properly made, are far superior. 


Wrought steel stamped accurately can be obtained in various 
forms from a small-sized padlock up to the larger portions of 
boilers of every description, and the end is not yet. 
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A NEW SYSTEM OF VALVES FOR STEAM ENGINES, 
AIR ENGINES, AND COMPRESSORS, 


BY FRED. W. GORDON, PHILADELPHIA, PA 


(Member of the Society 


IN steam or air motors there are four valves in each head, 
two for the inlet and two for the exhaust, each pair being an 
exact duplicate of the other. A valve really consists of a pair 
of valves, of the same diameter, connected by links to a rock 
arm, at an equal distance from the centre of the rock shaft, one 
valve moving it into the cylinder, the other away from it to open 
their ports. The valves are in equilibrium as to current and 
pressure. If we are referring to the head end of the cylinder, 
and the piston is at the dead point at that end, then the ends of 
these valves may be flush with the inside of the cylinder head, 
and the only clearance will be the circular bevelling of the ends 
of the valves which move outward, and the ribbed chamber 
around the ends of the valves which move inward to open, 
together with whatever clearance is thought proper to avoid 
contact between the piston head and cylinder head. This total 
clearance need not exceed one-half of one per cent. for ordinary 
Corliss-engine proportions as to diameter and stroke. The 
excess of the surface exposed to the steam upon its introduetion 
to the cylinder is not more than 9 per cent. above the area of 
the piston head and eylinder head. A minimum of clearance, 
a minimum of surface to reduce internal condensation, and 
maximum of portage are the claims for this system. The illus- 
trations show the adaptability of the system for shaft-governed 
or automatic liberating engines. The details of these need not 
be dwelt upon, as they would be modified for each particular 
case. Neither is it necessary to call special attention to the 
method of packing the piston valves, as that is not essentially a 

* Presented at the Washington meeting (May, 1899) of the American Society of 
Mechanical Engineers, and forming part of Volume XX, cf the 7ransactions 
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part of the system, though it is believed the double ring shown 
is the best—it certainly has proven to be tight. 

These valves being placed in the heads of the cylinder, and 
the valve cylinder’s bore being parallel with the bore of the 
main cylinder, the inner flush ends of the valves are parallel 
with the inside of head. The distance from the cylinder to the 
port is shorter than usual, reducing the resistance and change 
of temperature incident to long ports. 

When the engine is compound the employment of the valves 
in the heads is conducive to direct and free passage between 
the cylinders, so that practically exhaust pressure in a high- 
pressure cylinder may be the initial pressure in a low-pressure 
eylinder. When the piston is at dead point, and the valves 
have the desired lead, and the ends of the valves nearly flush 
with the inside of the cylinder head, then, as the piston recedes 
from that end, one of the valves follows the piston and the 
other recedes from it. It will be seen, then, that no amount of 
increased travel of the valves materially increases the clearance, 
hence the system is especially adapted to shaft governing, where 
in shorter cut-offs the reduction of a small valve travel will affect 
the portage and cause wire-drawing. 

For air compressors, which include blowing engines used at 
blast furnaces, gas or any other elastic fluid compressors, the 
inlet valves are constructed so as to be similar to one pair of a 
steam engine’s valves. The delivery or discharge valves may 
be similarly constructed, or modified as referred to further on. 

Fig. 325 is a sectional elevation of a pair of these valves 
connected by link, and acting as one valve. The outer ends of 
these valves at 4d are shown with metallic packing rings, to 
be used when the valve is employed in compound compressors 
or where the inlet pressure exceeds the atmospheric. This 
system may be used in steam engines, but we prefer that shown 
on Fig. 326. This drawing is made to seale, and the clearance 
ean be accurately calculated, the valves being 3 inches in 
diameter and suitable for a 14-inch air compressor, and amply 
large for a 16-inch steam cylinder at 600 feet piston speed. 
The actual portage of these valves is 13 square inches. 

Fig. 326 is a side elevation of a steam cylinder provided 
with this valve system, and arranged for releasing gear, the left 
hand showing the steam valves and the right-hand end the 
exhaust valves. 
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Fig. 327 shows the left-hand end of a compressor with the 
wrist plate operating the inlet valves. In the connection be- 
tween the wrist plate and the rock arm there is lost motion, 
leather-faced tappets being employed. The valves being in per- 


Gordon 


fect equilibrium, they move with such freedom that at 100 revo- 
lutions per minute these tappets make scarcely a perceptible 
noise. 

Fig. 328 is a diagram illustrating the action of this lost motion 
just referred to. 

Fig. 329 is a blast furnace blowing cylinder, 42 inches in 
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diameter by 30-inch stroke. wo of these set vertically are 
to be driven by gas engines, fed by the waste gases from the 
blast furnace. To effect economy with gas engines high rotative 
speed is important, and, as these engines were coupled direct 
to the gas-engine shaft, they have to run 160 revolutions per 
minute ; hence the enormous size of the valves, to be made more 
than ample for 890 feet piston speed per minute. Each of these 
valves is 11 inches in diameter, two for inlet and two for out- 
let. Two separate eccentrics operate these valves through the 
intervention of rock arms and wrist plates. The diagram upon 
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the drawing shows the position of each eccentric for taking air 
from the atmosphere and discharging it at 8 pounds pressure. 
Each eecentric being positively connected to the valves which it 
is to operate, leaves the matter of the extreme velocity of 160 
revolutions per minute merely a question of large wearing sur- 
face and good workmanship. It is, however, apparent that the 
discharge in this instance is fixed. When the pressure within 
the cylinder reaches 6 pounds above atmospheric pressure, then 
the discharge valves are line and line toopen. Referring to the 
action of the automatic discharge valve, it will be seen that this 
early opening is a decided advantage rather than an objection, and 
that being line and line at 6 pounds pressure, the valves would 


compress air economically to 10 pounds ; in fact more economi- 
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sally than if the valves were set to be at line and line when the 

air reached 10 pounds, or the discharge pressure intended. 
Figs. 330, 332, and 333 show the same valves employed for 

vertical piston blowers, so named as they are expected to sup- 


plant the rotary blowers used up to, say, pressures of 4 pounds 
per square inch. They are simple piston blowers with but two 
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valves in each head, one of these valves being used for the inlet 
and the other for the discharge, and all four valves driven by a 
single eccentric. The valves are always in balance as to pressure 
and weight of parts, so that the speed at which this machine 
can be operated simply depends upon the construction of it and 
the area of the valves. In this instance each valve is made 12 


inches in diameter for a piston 42 inches in diameter, giving an 


IP 


area of ,',, and they are intended for a piston speed of 600 feet 


per minute. The valves may or may not be metallic packed, 
depending upon the pressure for which they are to be used. 
These engines may be set in series, so as to perfectly balance 
each other as to the weight of parts, and be driven at very high 
rotative speed. Those shown are intended for 200 to 250 revo- 
lutions per minute. They can be depended upon for tightness 
as completely as the best steam engines. The rotary blower is 
particularly faulty in this. It is difficult to measure the waste 
by leakage in rotary blowers; the best effort the writer has 
been abie to make was in calculating the quantity of air by their 
displacement used to the consumption of a pound of coke in 
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cupola practice, where he found as high as 112 cubie feet 
required by them, whereas in blast-furnace practice, with mod- 
ern blowing engines, 56 cubic feet is found ample. Equating 
the two operations on a liberal basis shows that this particular 
blower was delivering but 60 per cent. of its volume, and this at 
*& pressure of only 12 to 13 ounces. The necessity for tight 
blowers, where a pressure of 3 to 4 pounds is used, as in silver 
smelting and pneumatic transmission, is apparent. The design 
submitted is especially intended for this class of work. 

Fig. 336 is a delivery valve for an air compressor, closed 
by the action of the eccentric and opened automati rally. 


Gordon 


The photograph is of an air compressor with inlet valves to 
drawing No. 1, and an outlet valve to this drawing, No. 9. This 
valve is closed to line and line by the arm shown, operated from 
the wrist plate shown on drawing No. 5. It is a piston valve, 
packed with metallic packing. The valve proper (4) is bored 
to fit stationary piston B, 2 being a part of the casting form- 
ing the cover of the valve chamber. In the face of the valve 
A is a ball poppet valve C opening to the main cylinder. The 
stem /) screwed into the face of the valve A carries the guide 
FE. A short, stiff spring is provided, against which this guide 
presses immediately before the valve closes to line and line, and 
when this spring is fully closed it exerts a pressure of about 
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two-thirds of that which the air would upon the annular space 
of the valve surrounding the cylinder G. On starting without 
pressure in the discharge chamber, the wrist-plate rod when near 
toggle easily overcomes this spring. In a few strokes the pres- 
sure in the discharge chamber reaches the working pressure, 
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Fig, 356. 
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when the eccentric or eccentric gear has no resistance to over- 
come, except the mechanical friction of the valve. The small 
hole H (} inch for a 4-inch valve) plays upon the rib and 
opens to slot #. Operation: The valve closes to line and 
line upon the piston reaching the dead point at the valve end of 
the cylinder. As the piston recedes, the small volume of com- 
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pressed air in the clearance is quickly expanded, and the valve 
flies to full lap, compressing the spring. At the same moment 
the valve (’ opens and the pressure in the valve cylinder ( 
is reduced to that of the suction side of the piston. H being 
closed and ball valve seated, while the returning piston com- 
presses the fluid in the cylinder, the cylinder G still remains 
at suction pressure, so that the valve as to moving right or 
left will be in equilibrium (neglecting the spring) when (area 
(; x suction pressure) + (A — @ x discharge pressure) shall 
equal the total pressure on A, and the valve will open automati- 
cally when this latter pressure exceeds the sum of the two 
former pressures suflicient to overcome its friction. 

Card YV-1 is taken from cylinder G with atmospheric suc- 
tion and 41 pounds reservoir pressure, the indicator drum being 
driven from the engine’s crosshead when the compressor was 
tandem to the steam engine. Card A is the accompanying indi- 
‘ation from the main cylinder of the compressor, both taken 
with equal weight of springs, and simultaneously, 85 revolutions 
per minute. The pressure at «, Card V-1, when the valve 


commences to open, is 16 pounds gauge, whereas, area A — G@ = 
3 28 square inches, area G = 9.28 square inches, area A = 12.56 
$3.28 x 55.7 + 9.28 x 16 
——_ —- == 26.4 absolute. This point is marked 
12.56 


oon the Card A, the opening of the valve commencing at x, and 
it is full open at y. On Card A there is marked the correspond- 
ing positions of o, 7, and y. It will be seen that there is no 
indication of the valve having opened at x. Indeed, no air 
entered the cylinder from the discharge chamber until the valve 
was wide open at ¥, else the compression line w would have 
been increased. The increase in this line takes place after the 
valve is fully open and before the pressure in the cylinder has 
reached the pressure of the discharge chamber to the extent 
seen upon Card A by the increase directly opposite z, an 
insignificant increased resistance to the piston’s movement. This 
can only be realized if the time occupied during the passage of 
the piston from « to y is appreciated: Distance on card .26 of 


1 
an inch; total length of card 4 inches; x to y 154° ecard, or 
stroke of piston ipa 58Y 2 inches. The mean travel of the 


piston is 425 feet, speed between x and y 667 feet, per min- 
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ute; time required from x to y ,\, of a second. The air had 
searce time to start to flow in before the pressure within the pis- 
ton had reached the pressure at y, when the valve was wide 
open. An ordinary indicator was used in taking Card V-1. 
CARD"A" TO ACCOMPANY CARD“ 
COMPRESSOR 14 x 30 SPRING 40# 


Z— ADIABATIC CURVE, 
w—CONTINUATION OF COMPRESSION CURVE, 


ATNOS. 


LINE_ 


Gurdon 


Fig. 337. 


Pipe connections thereto were made as short and small as 
thought advisable, yet owing to the smali volume of the eylin- 
der G the clearance added was proportionally large, somewhat 
changing the pressures as shown on Card V-1 from those 
which they would ordinarily be with no clearance. As the 
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Fig. 338. 


valve uncovers its lap, the pressure in ( gradually increased—see 
line o. This movement is due to the strength of the spring, 
aided by the accumulating pressure in the main cylinder; losing 
the aid of the spring (which at this point is extended) the rap- 
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idly accumulated pressure causes the valve to fly open as at « 
toy. Between these two points, or rather shortly after passing 
x, the hole // runs over slot in bridge, forming a communication 
between G and discharge chamber, but this hole is too small to 


COMPRESSOR 14% 30— FULL LINE CARD FROM CYL,DOTTED LINE CARD FROM 
DISCHARGE CHAMBER TAKEN SIMULTANEOUS. 3 N 40 R.P.M.50 
THE MAX.& MIN.PRESSURES IN THE CYL.& CHAMBER DO NOT VARY MUCH, 

BUT THE WAVE OF PRESSURE |S MUCH LATER IN THE CHAMBER. SHOWING EFFECT 
OF INERTIA AS IN THE AIR ENTERING CYL, UPON TH 


E OPENING OF THE VALVE, 


\ 
| 
359. 


permit a free eseape, and hence a good cushion is provided, 
while the valve has no tendency to rebound. The air pressure 
at win G@ in the discharge chamber and in cylinder being alike, 
the eccentric driven arm, closing the valve line and line, has no 
force to exert except in overcoming friction. This dead lap on 


DOTTED LINE FROM DISCHARGE CHAMBER 
O 
40 
RESERVOIR P.43 RESE 
= 
J 
\ 


340. 
a 4-inch piston valve is } inch; full movement of valve, 2 inches ; 
1} inches of opening. There are three ribs, each 2 inch wide, 
thus providing 14.91 square inches for the 12.56 actual area 
of valve. The excess of area is to cover the lack of efficiency 
of area of the three circumferential ports to the one central 
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4-inch valve cylinder and to provide for an easy change in the 
direction of the currents. 

The added clearance to the main cylinder by the valve cylin- 
der G is 0.15 per cent. From examination of all the cards taken 


I" ~ 


Fra. 341. 


from the compression cylinder, and knowing the time these dis- 
charge valves open, it is apparent this 3,\; valve cylinder ( is 
too large for the highest efficieney—a 3-inch or 2{-inch would 
be better ; but it was sought to open the valve too soon to demon- 


5OR.P.M. 20*SPRING. 
CARD FROM DISCHARGE CHAMBERS TO ACCOMPANY CARD Z.—FROM CYL. 
THE LIGHT SPRING AND RELATIVELY SLOW SPEED CLEARLY SHOW 
THE ACTION AND EFFICIENCY OF THE VALVES. 
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big, 342. 
strate the feasibility of the system ; it is easy to return to a late 
opening valve.* We are gratified to. be able to state that at 
100 revolutions per minute (the highest speed this machine was 


* See Appendix. 
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operated) the entire system was practically noiseless—one could 
simply hear something going on. An automatic poppet valve 
was tested. This valve was provided with a 3-inch cylinder 


COMPRESSOR 14 X 30. R.P.M. 50. SPRING 40* 4p STON VALVE. 
VALVE WITHOUT RINGS BUT EXTRA FIT. VALVE CYLINDER 3, 6 


CLEARANCE) 


ATMOS. 


Fig. 343. 
similar to G. The valve face presented to the increasing pres- 
sure in the compression cylinder was reduced by the bevelled 
surface of the poppet seat, and better result obtained as to time 
of opening. The cards are nearly as good as the positively 
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DISCHARGE VALVE4” VALVECYL.3” RESERVOIR 


CLEARANCE 0.69 ADIABATIC. 
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closed valve. Springs used to seat ordinary poppet valves are a 
source of resistance to the outgoing air. The strength of the 
spring used on this automatic valve was more than neutralized by 
the introduction of the 3-inch cylinder, and the removal of the 
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pressure therein, causing the valve to open freely, and checking 
the fluttering common to such valves. 

Card V-2 was taken with these automatic valves, the posi- 
tive inlet valves before referred to being used in all cases. 


50 


40 
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Fig. 345. 
Inlet Valves. 


The cards exhibited show excellent induction line, the atmos- 
pherie and suction line being practically coincident. The 14- 
inch by 30-inch compressor has two 38-inch valves in each head, 
the actual area being 13 square inches; ratio to cylinder area, 
1 to 11—a free inlet under ordinary conditions of eccentric or 
wrist-plate action, but not such as to give the cards exhibited. 
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Fic. 346. 
Fig. 328 illustrates the action of these valves. They com- 
mence to open when the piston has travelled } inch, are wide 
open when it has travelled 13 inches, and remain wide open till 
the piston has travelled 27 inches of its 30-inch stroke and close 
at dead point. This compressor is set tandem to a 12-inch by 
30-inch Corliss engine. Only one eccentric is used, set at 1023 
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degrees ahead of the crank, as compressor engines require but 


a minimum of steam or exhaust lead and but little compression. 


The compressor’s wrist plate is driven by a rod from the steam- 
cylinder wrist plate (see Fig. 327), but in each of the rods to 


R. 50 
Ss. 20 
\ / 
/ 
\ 
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the inlet rock shaft there is 1! 


tappets moving the free-moving balance valve 


inch lost 


motion, leather-faced 
a scheme at 


once economical as to cost and parts, accomplishing the de- 


sired result. 
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Efficiency. 


A compressor can only press forward the weight of air re- 


ceived, and among the most desirable qualities is good induction, 
which, coupled with small clearance, obtains high volumetric 


efficiency. 


The total clearance, including that of the outlet 
valves referred to, is 34 cubic inches on each end (the piston- 
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head clearance being ,|; inch —) = 0.75 per cent. In compress- 
ing to 50 pounds gauge, this volume of air would expand adia- 
batically to 95 cubic inches in dropping to atmospheric pressure. 
98 — 3 29.58 


ibd 0.42 inch of stroke required, leaving 30 18.6 


per cent. as the effective portion of the stroke. If atmospheric 


REV 50 
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Gordon 


pressure and temperature exist in the eylinder at the head of 
the suction stroke, this will be the volumetric efficiency of the 
compressor. Up to 60 revolutions per minute the atmospheric 
line and suction lines on the cards, at the end of the suction 
stroke, are so nearly coincident that they cannot be seen to 
differ, while at 100 revolutions per minute the closest scrutiny 


= 
Fig. 350. 
is required to note a perceptible drop. The cylinder barrel is 
well water-cooled, and, with water below the air temperature, 
should tend to cool rather than heat the air entering the 
cylinder, leaving the piston head and cylinder head to heat it 
somewhat. Dry air, hewever, is only heated by convection— 
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cylinder; and if the air enters by short and direct unheated 
passages, it may be assumed that compression will commence 
upon air at atmospheric temperature. At least this compressor 
may be safely estimated to deliver 97 per cent. of the weight of 


too slow a process to have much effect on air while it is filling : 


REV 50 


its piston displacement of the supplied atmosphere, working up 
to 50 pounds gauge. 
Power Required, 

From a number of cards (a few of which are submitted) taken 
simultaneously from the steam and air cylinders, with springs 
of same strength, and then changing the indicators and taking 
an equal number of cards, averaging the whole, the resistance 
of the air was found to be 87.91 per cent. of the force expended 


Fig, 552 

by the steam—12.09 per cent. is chargeable to friction ; possi- 
bly 10 per cent. for large compressors would be an ample allow- 
ance. If the connections to the reservoir are large, short, and 
well formed, the saving in cooling during compression will 
complete a compression on the equivalent of adiabatic com- 
pression in the cylinder. The cards show from 1 to 2 per cent. 
more power than this, but the connection to and location of 
reservoir were not altogether the best. 
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992 A NEW SYSTEM OF 
Light Pressure Blowers ( Figs. 330, 331 and 332). 

The term “blowers” has become general for compressors 

first used to supply air to furnaces, cupolas, ete.— that is, for 

blast pressures now up to 15 or 20 pounds gauge. A modifica- 


R. SO 


S. 20 
Fic. 353. 


tion of the system of our valves is recommended for pressures 
up to 4 pounds gauge. There are but two valves in each head, 
both alike, and always balanced, and are positively driven from 
the same eccentric. One valve in each head serves as the inlet, 
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Fig. 354.—STEAM CYLINDER CARD. 
This is a full-stroke machine, 


the other for the discharge. 
though a slight saving over this may be effected in compressors. 


The chief merit is the simplicity of the valve action, great 
portage obtainable, and that it can be driven as fast and main- 
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tained tight as long as an ordinary steam engine can. While 
admitting of great portage, the clearance is kept down to less 
than | per cent. for cylinders with a stroke equal to the bore, and 
a more effective displacement obtained than from ordinary blast- 
furnace blowing engines. This type of “piston blower” is 


Fig. 355. 


adapted to silver smelters, cupolas, pneumatic transmission, 
etc., ete. A speed of 200 revolutions per minute is well within 

the limit of this blower. 
For higher pressures which are reasonably constant and sel- 


4 
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Fie. 356.—STEAM CYLINDER CARD. 
dom over 12 pounds per square inch, a blower as shown on 
Fig. 329 is recommended. There are four valves in each head 
—i.e., two pairs as in a steam engine, one pair for inlet, the 
other for discharge. The inlets are driven by an eccentric set 
about 87 degrees ahead of the crank, the discharge by an eccen- 
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tric 63 degreesahead. The latter valves will be line and line to 
open when the pressure is 6 pounds per square inch in the 
cylinder; and from what was seen in the action of the automatic 
discharge valves, if the pressure in discharge chamber were 10 


Gordon 


Fig. 857.—STEAM CYLINDER CARD. 
pounds an excellent card would result. This drawing was pre- 


pared for blast-furnace work, the blowers being driven direct 
with gas engines at 160 revolutions per minute, and two 42-inch 
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Fig. 358.—STEAM CYLINDER CARD. 


by 30-inch cylinders furnishing 15,000 cubic feet of air per min- 
ute. The matter is under advisement. 
Steam engines driving compressors are subject to double 
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strains if they are set with lead of compression. To avoid the 
loss incident to want of compression clearance should disappear. 

With the system of valves herein outlined, less than half of 1 
per cent. may be reached, and though no compression is pro- 
vided, the loss will be trifling. 


APPENDIX. 


Cards numbered A, B, C, and D ( Fig. 359) have been taken from 
the compressor referred to in the foregoing paper, after the eylin- 
der of the discharge valve had been reduced in diameter from 3,4, 
to 2? inches. It would appear that the movement of discharge or 
opening of the valve is much improved, and that throughout a 
wide range of pressures the opening of the valve regulates itself 
to the requirements of the situation. 

It was a surprise to me that with a very early opening more 
air did not enter the cylinder, and that a higher average pressure 
did not prevail in the cylinder by reason of the air entering from 
the discharge chamber before the cylinder had acquired that 
pressure. It is proven, both by the action of this valve and by 
the action in the discharge chamber itself, that inertia is one of 
the properties of air, however elastic it may seem to be, which 
pneumatic engineers must keep well before them. 


DISCUSSION. 


Prof. W. S. Aldrich.—1I would like to ask the author about 
those quick-opening valves, whether he uses the principle of 
the quick-opening safety valve so as to get the valve open early 
and wide for the discharge into the receiver ? 

Mr. Fred. W. Gordon.—t think the action of the valve is made 
clear by the drawing on page 982, Fig. 536. A 2j{-inch cylinder 
in a 4-inch piston valve deducts from the back or discharge 
chamber end 6.34 square inches, the discharge pressure acting 
on only 6.12 square inches, so that when the main piston has 
compressed the fluid to half that of the discharge the valve is 
practically in equilibrium, and a small additional force will 
open it. We all appreciate the importance of early opening of 
the exhaust valves of steam engines, though at the time of 


exhaust the pistons are nearly at rest. It would seem to me to 
be much more important to open the discharge valves of an air 
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compressor early, as when the discharge is required to begin 
the piston may be travelling at about its maximum speed, and 
indeed in a majority of cases will be travelling approximately at 
that speed. The cards demonstrate the feasibility of this 
scheme, and show that the pressure at the moment of discharge 
need not exceed the pressure in the discharge chamber. 
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MEMORIAL NOTICES OF MEMBERS DECEASED DUR- 
ING THE YEAR. 


HENRI SCHNEIDER. 


Mr. Henri Schneider, the son of Eugéne Schneider, founder 
of the works and city of Creusot, was born on December 10, 
1840, and passed away May 17, 1898. He became associated 
with his father in the management of the Creusot Steel Works 
in 1867, and upon the death of the latter in 1875, although still 
very young, became the head of this important establishment. 

After successful studies at Paris he entered the works under 
the direction of his father, who desired that he become familiar 
with all the practical details. Thus he acquired all of his prac- 
tical knowledge of processes and management. 

All his life was a continual activity, in which he found time 
to think of everything, to associate worldly duties of a very 
Parisian situation to those of an ironmaster, and to do good 
judiciously and without counting. From the industrial point of 
view his work is characterized by a considerable and uninter- 
rupted development of the works of Schneider & Co. 

He was the incessant initiator of progress in metallurgy, 
mechanical construction, artillery, and armor. 

In 1876 he perfected processes which made the use of steel 
possible for armor plates, and in this he remained preeminent. 
Actively opposed, he put this invention to practical use solely 
by his perseverance and efforts. After the trials at Spezzia, in 
which the new steel plates had been shown strikingly superior to 
those of iron hitherto employed, the Italian navy adopted them 
on the famous battleships Duilio and DPandolo. 

The Schneider metal was introduced in the French navy in 
IS81, and its superiority, demonstrated by numerous ballistic 
tests, caused it to be adopted in the navies of all countries. He 


ras elected Honorary Member of this Society in the end of 
1882. 
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A man of the capacity for work of Mr. Schneider could not 
remain indifferent to the interests of his country, and he was 
therefore called to represent his constituents in the French 
Chamber of Commerce and to defend their interests. He was 
successively elected councillor of his county, councillor gen- 
eral, mayor of Creusot, and deputy. 

He always worked usefully in the interest of his department, 
and rendered it the greatest services by his high authority. 

By his efforts the city of Creusot grew daily, he supplying a 
system of drainage which had a capacity of 17,000 cubic metres 
discharge in 1875; gas illumination, and all other works neces- 
sary in municipal service. The last donation, given upon his 
retirement from the mayoralty, permitted the erection of a city 
hall commensurate with the dignity of the centre of industry 
which he had led to such a degree of development. 

The complete description of the philanthropic work of Mr. 
Schneider would carry us very far. From the moment of his 
entry into business he began by an act which revealed the supe- 
riority of his ideas—by building the church of St. Charles. He 
never thereafter ceased his benefactions. He built two work- 
ingmen’s settlements, one in 1865, the other in 1875; he estab- 
lished gratuitous medical and pharmaceutical service in 1872; 
a new church in 1883; a home for the aged in 1887, and a hos- 
pital in 

The home of the sisters and sick nurses was built in 1897. 
As one of the first among the great industrials le endowed his 
employees with numerous and profitable institutions, of succor 
and of savings; particularly to insure pensions to all employees 
and workmen, he made from his own resources since 1897 an- 
nual donations to the national fund for the support of the aged, 
which now actually amounts to more than $2,200,000 (11,000,000 
francs). 

He was made Chevalier of the Legion of Honor in 1867, and 
Officer in 1878. 

Mr. Schneider was regent of the Bank of France, adminis- 
trator of the Orleans Railway, and of several other industrial 
societies. 

Being corresponding member of various foreign societies of 
civil engineers, he was made honorary member of the Institu- 
tion of Civil Engineers in 1889. 

In the same year the Iron and Steel Institute, of which he 
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had been a member since 187 6 yresented him with the = Besse- 
mer G old Medal.” 


FRANK F, HEMENWAY. 


Mr. Hemenway was born at Hartford, October 29, 1837. He 
served a regular apprenticeship as machinist at Keene, N. H., 
and at the breaking out of the war he enlisted and served 
throughout. After being mustered out he went to work in the 
shops of the Troy & Boston Railroad, and was there associated 
closely with George W. Richardson in perfecting his pop safety 
valve and the Richardson slide valve. At the time he connected 
himself with the Society in 1880 he was mechanical engineer 
and foreman for Starbuck Brothers, Troy, N. Y. It was while 
connected with this concern that he invented the Hemenway 
automatic cut-off engine, of which several were built. 

He became an appreciated contributor to the American Ma- 
chinist jast started, and he became associated with it officially in 
1881 as associate editor, becoming editor on the death of Mr. 
Jackson Bailey in 1887. Mr. Hemenway resigned in October, 
ISO4. 

His literary work culminated in the production of his book on 
the steam-engine indicator in 1885, 

The last few years of his life were shadowed by misfortune, 
so that his considerable mechanical abilities ceased to have their 
former value to him. 

He died in Brooklyn, October 14, 1898. 


HORACE B. MILLER, 


Mr. Miller’s childhood days were spent in Philadelphia. He 
was born in 1840, and after leaving school in 1854 he began the 
struggle of life in a modest way. In 1861 he enlisted in the 
navy and served on board the U.S. 8. Adolph Hugel. He was in 
action at Forts Jackson and St. Philip during the opening of the 
Mississippi. Although enlisted as paymaster’s mate, he was 
really discharging the duties of third officer during these en- 
gagements and received the personal thanks and commendation 
of his superiors. 


After the close of the war Mr. Miller embarked in business in 
New Orleans until 1868, when on aceount of ill health he was 
compelled to leave the city. In the same year he took charge 


| 


MEMBERS DECEASED DURING THE YEAR. 1001 


of the office of R. G. Dun & Co. at Toledo, and was successively 
promoted to offices in Milwaukee and Pittsburg, until in 1874 
he was attracted by the field of journalism and became asso- 
ciated with Mr. Baggley of the Pittsburg Telegraph. It was 
from Pittsburg that Mr. Miller went to New York, and in con- 
nection with Mr. L. B. Moore and Jackson Bailey and their 
associates established the American Machinist. 

In 1895, his health becoming impaired, ie was compelled 
to relinquish his relations with his journal and sought a change 
of climate, going to southern California with the expectation of 
building himself up. The benefit seemed but transitory and he 
passed away quietly at his temporary home at Napa, Cal., Octo- 
ber 24, 1898. 

By reason of his connection with the business end of engi- 
neering rather than its technically professional end, Mr. Miller 
joined the Society at its outset in the Associate grade. It 
will be remembered that early gatherings for the formation of 
the Society of Mechanical Engineers were held in Mr. Miller’s 
office, at that time at 96 Fulton Street, New York. 


JOSHUA ROSE. 


Mr. Joshua Rose was an Englishman by birth. His father 
had a shop in the old country, where he learned the machinist’s 
trade, but coming to this country he became a journeyman, 
working in various places, the longest of which was perhaps 
his service with the Freeland Tool Works of New York. In 
the early seventies he began to contribute to the public press, 
on mechanical subjects, particularly upon shop operations and 
appliances. 

He became one of the editors of the Appleton Kncyclopadia 
of Applied Mechanics in i878. His Modern Machine Shop 
Practice was, however, the work upon which his literary repu- 
tation will rest. He was preparing a revision of it at the time 
of his death, November 14, 1898, at the age of sixty-one years. 
He became a member of the Society among the earliest charter 
members, but had practically retired from active labor and was 
living upon the proceeds of his publications. He was really 
unable to cope with the labor involved in getting out his new 
edition and the exertion proved too much for a constitution 
already enfeebled. 

64 
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WILLIAM LIVINGSTON CIIASE. 


Mr. Chase was born November 2, 1855, in West Concord, Vt. 
He began his work as a mechanic when a boy, in the shops of 
the Chase Turbine Manufacturing Company, of Orange, Mass., 
and after having advanced to the journeyman grade he left to 
enter Worcester Institute, from which he graduated in 1877. 
Returning to the Chase Turbine Company, he devoted himself 
to drafting and designing wood-working machinery and water- 
wheels, and was a joint inventor of a shingle machine. He 
naturally gravitated into the construction and development of 
wood-pulp machinery and appliances, and was engineer in 
charge of construction for the company which preceded the 
United Indurated Fibre Company, making plates and other 
moulded ware, and was an inventor of several of their special 
methods. 

The credit has been given to Mr. Chase for being the pioneer 
inventor for forming vessels from wood pulp at one operation and 
in one piece. 

During the latter years of his life, from 1884 till the time of 
his death, he was connected with the Knowles Loom Works, of 
Worcester, having planned the arrangement of the buildings, 
plant, ete., of the company, and afterwards taking charge 
of its drafting room and the construction of its regular and 
new work. 

Mr. Chase had become interested in the development of shop 
systems for making records and keeping costs, and had been 
concerned in a development of the classification system by the 
decimal method, upon which he presented a most interesting 
and valuable paper before the Society at its Chicago meeting 
in 1893. He was for this reason chosen on a committee ap- 
pointed to consider the general subject of proposing a proper 
and more universal system of classification of engineering ma- 
terial by libraries and manufacturing offices, the work of which 
committee has been interrupted and possibly terminated by his 
death. He was a passenger on the unfortunate steamer (ify 0/ 
Portland, which was wrecked off Highland Light in the unprece- 
dented gale of November 27, 1898. 

Mr. Chase connected himself with the Society at the New York 
meeting of 1891. 
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JAMES FRANCIS. 


Mr. Francis was born in Lowell, Mass., March 30, 1840. He 
was educated in the public schools of his native town until 
twelve years of age, after which time and until he entered the 
Lowell Machine Shop as apprentice, in his twentieth year, he 
was under private tutors. In 1860 he entered the machine shop, 
and until the breaking out of the war he was familiarizing him- 
self with the details of manufacture of various kinds of cotton 
machinery. At the first call for volunteers he enlisted, April 
20, 1861, and served throughout the war in the Second Regiment 
of Massachusetts Infantry. His service covered the battles at 
Cedar Mountain, Chancellorsville, Antietam, and Gettysburg, 
and he was with Sherman on his march to the sea. He was 
wounded at Antietam. He rose from the second lieutenancy of 
the early spring of 61 to the rank of major in 1863, and was com- 
wissioned leutenant-colonel in July, °65, just previous to his 
discharge. 

He became one of the engineers in charge of the Hoosac Tun- 
nel work after the war, but resigned in the following year to 
enter the service of the Locks and Canals Company, on the 
Merrimae River, rising in 1867 to first assistant engineer, and 
in January, 85, to agent and engineer. Again in 1893 he was 


appointed general agent. 

It is difficult to separate the work of Mr. Francis from that of 
his eminent father, Mr. James Lb. Francis. It is, however, 
doubtless just to both to say that the work of either could hardly 
have been done in its present form without the assistance of the 
othet. Mr. James Francis was, in some directions, less original 


than his father, but he had a most profound respect for methods 
which had proved successful. He was tasteful, painstaking, and 
accurate, and devoted himself to his profession and public in- 
terests in the town in which he lived. It has been said that the 
very loyalty with which he held to what he believed to be his 
duty during his father’s life restrained him from writing for 
publication on technical matters, and from taking publie posi- 
tion. 

He connected himsel! with the Society on the proposition of 
his warm friend, the late J. C. Hoadley, at the Washington 
meeting in 1887. His death in Lowell followed a period of fail- 
ing health for some months, and took place December 1, 1898. 
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SAMUEL McELROY, 


Mr. McElroy was one of the veterans of the profession, 
having been in constant occupation since 1847 in the fields of 
railroading, water-works, canals, and rivers and harbors. His 
railroad connections were with the laying out of the Long 
Island South Side line, the New York, Bay Ridge and Jamaica 
line, the New York and Sea Beach lines, together with others 
in and about Brooklyn, Newtown, Albany, and other places. 
His water-works experience covered those of the cities of 
Brooklyn, Hartford, Hamilton, Watertown, and others, and his 
paper before the Society, descriptive of the great pumping 
engine of Brooklyn, was a leaf from his experience in this 
department. His canal experience covered work upon the Erie, 
Champlain, Chimbote, Oneida Lake, and upon the Niagara ship 
ranal, and many others. 

It is perhaps from his connection with hydraulic engineering 
as concerned with river and harbor work that Mr. McElroy was 
best known. It brought him into connection with work upon 
the Hudson River improvements, the Kent Avenue Basin, 
the Bay Ridge docks, and into relation with publie works at 
the Brooklyn Navy Yard, in the Wallabout, and elsewhere. So 
wide an experience necessarily brought into his office the erec- 
tion of buildings of some importance, both engine houses and 
governmental structures. He had also served as a mechanical 
engineer in many of his engagements, and was at one time 
assistant engineer, U.S. N., serving upon some of the vessels 
whose names are now but memories and whose engines have 
become historic. 

Mr. McElroy was also an inventor in the hydraulic field, and 
his name attaches to an open-throat hydrant nozzle. In the 
latter years of his life his work has been mainly that of the 
expert in various railway bridge and hydraulic cases. He died 
December 10, 1898. 


HILLARY MESSIMER. 


Mr. Messimer was born at Pottstown, Pa., October 7, 1833. 
His apprenticeship began in the shops of the Reading Railroad 
in 1850, where he served five years, and then went out with the 
expedition to raise the vessels sunk in the harbor of Sebastopol. 
In 1859 he entered the Engineer Corps of the United States 
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Navy, and served with distinction through the Civil War and 
until 1867. He was on the flag-ship Wabash during the memor- 
able naval engagement at Port Royal, and was the first man to 
go ashore after the capitulation of the forts. This experience 
made him at one time shipmate with Dewey, Sampson, and 
Watson. After the war and until his resignation he was with 
the Mediterranean Squadron. 

In 1868 he again entered the employ of the Reading Railroad 
and became master mechanic of the East Pennsylvania Division, 
and later of their main shops, where he superintended the 
building of the marine engines for certain steam colliers. He 
then went to England to carry on experiments in burning 
anthracite on war vessels, but returned in 1874 and remained 
with the Pennsylvania and Reading Railroad, under Messrs. 
Gowen and Wootten, engaged in various service, such as intro- 
ducing anthracite into South America, and in the construction 
of railroads in Brazil and Bolivia, and in experimenting upon 
the use of inferior fuels in France, Italy, and Switzerland. 

In 1882 he became mechanical engineer for Coxe Brothers at 
Drifton, where he had charge of the machine shop, foundry, 
boiler shop, ete., and charge of the machinery of all the breakers 
and buildings used for the preparation of coal. In 1887 he 
resigned to start the Kansas Bolt and Nut Works, but remained 
only two years, when he accepted the invitation to become 
superintendent of motive power and machinery for the Calumet 
and Heela Mining Company at Calumet, Mich., with whom he 
remained until his death at Wornersville, December 10, 18s. 

He became a member of the Society at its New York meeting 
in 1883. 

J. ©. DEBES 


Mr. Debes was born in Saxe-Coburg-Gotha, Prussia, in the 
year 1835. 

After finishing his technical education in German schools he 
worked as machinist with Platt Brothers & Co., Oldham, England, 
and in the Douglas Foundry at Dundee in Scotland, coming to 
America in 1862. During the war, from 1865 to 1865, he was a 
draftsman in a government inspection office under Messrs. Alban 
Steimers and W. W. Wood, and worked ander Captain Ericsson on 


designs of the light-draft monitors such as were used during the 
Civil War. From 1866 to 1868 he was engaged with the George 
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H. Corliss Company and with George H. Reynolds, building 
marine engines at Mystic Bridge, Conn. He moved West in 
1868, and connected himself with the C. & G. Cooper Company at 
Mt. Vernon, Ohio, as superintendent and mechanical engineer. 
Leaving them in 1872, he became superintendent of the Jackson 
Foundry and Machine Company of Jackson, Mich. He moved 
from there to Milwaukee, serving with the E. P. Allis Company 
on outside engineering, and as superintendent and mechanical 
engineer for the Weisel & Vilter Company until 1882, when he 
again returned to the C. & G. Cooper Company, with whom he 
remained until the day of his death from heart failure, Decem- 
ber 13, 1898. 

Mr. Debes became a member of the Society at the Atlantic 
City meeting in May, 1885. 


MILAN BULLOCK. 


Mr. Bullock was born in Grandville, Washington County, 
N. Y., June 26, 1838. Ile worked on a farm until, at eighteen years 
of age, he became apprenticed to a miller; but a tendency to 
asthma compelled him to abandon that trade, and precluded his 
service in the army of 1861 after he had promptly enlisted on 
the declaration of war. At the age of twenty-four Mr. Bullock 
entered himself as machinist apprentice, and was very early made 
foreman. In 1866 he was attracted to quarrying machinery, and 
entered the employ of the Steam Stone Cutter Company, of Rut- 
land, Vt., and afterwards the Windsor Armory Company, where 
he gained the experience in channelling and diamond drill work 
which subsequently became of value to himself and to the mining 
industry in general. In 1870, as superintendent of the Penn- 
sylvania Diamond Drill Company, Mr. Bullock put down the 
first very deep hole by the use of a diamond drill, at Phoenix 
Park. It was at this time that he made and patented a number 
of important improvements, and in connection with Mr. Jacob 
Shelby brought out and patented the “long-hole process” of 
shaft sinking. One of his earliest achievements was the sinking 
of the two East Norwegian shafts near Pottsville, Pa., at rates 

anging from 80 feet to 130 feet per month, as compared with 
the speed of 20 feet per month by the older process. 

In 1871 Mr. Bullock accepted overtures from a larger diamond 
drill company, and his first work was the introduction of the 
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diamond drill into the work at Hell Gate, in New York Harbor, 
under General Newton. The diamond drill was used in explor- 
ing ahead of the work in tunnels, headings, chambers, and the 
like. It was Mr. Bullock and his company who furnished the 
plant in 1873 for driving the famous Lima and Oroya railroad 
tunnel in Peru through the Andes. 

The American Diamond Drill Company failed in 1874, and 
varried Mr. Bullock down with them financially. He was there- 
fore forced to begin over again, and a year later, in July, 1875, 
Mr. Bullock moved to Chicago, where he entered in business on 
his own account with a very limited capital. He built up the 
business of manufacture of diamond drills and other rock-piercing 
machinery for mining and prospecting, and organized a prosper- 
ous business. He was the introducer into America of the 
Willans high-speed engine. 

He connected himself with the Society at the New York 
meeting in 1882, and although he had been in failing health for 
over a year his death came unexpectedly, January 12, 1899. 


JOHN R. WAGNER. 


Mr. Wagner was born in South Bethlehem, Pa., May 12, 1861. 
He had the history of so many successful men who have borne 
the burden in their youth of a necessity for self-support, even 
in childhood. He began first as a farmer’s lad, and afterwards 
in charge of the news-stand of a railroad station, assuming the 
‘are of a widowed mother. He first turned his attention to 
telegraphing, but his lack of common-school «ducation stood in 
his way, and he became an apprentice with the Shive Steam 
Engine Governor Works, of Bethlehem, where he served four 
and one-half years. He then went to Philadelphia to perfect 
himself in his trade, taking evening school work in addition. 
At the age of twenty, while acting as foreman of shop, he pre- 
pared himself for the entrance examinations to the School of 
Mechanical Engineering at Lehigh University, and maintained 
himself by a loan from influential friends, which he returned 
within a few years after graduation. After completing his work 
at Lehigh he was offered a superintendency with the Shive 
Governor Works, but preferred to accept an offer made by Mr. 
Eckley B. Coxe, to whom he became general assistant and 
assistant superintendent of the testing department, both of the 
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Cross Creek Coal Company and of the Coxe Iron Company. 
It was in this relation that he became specially expert in coal 
analysis, and with particular reference to economy in use of coal 
for steam. He was asuccessful lecturer in this chosen field, and 
delivered addresses before such organizations as the Seranton 
Engineers’ Club, and in further presentation of it articles ap- 
peared in the engineering magazines over his signature. 

The death of Mr. Coxe in 1895 closed this ten-year chapter 
in Mr. Wagner's life. The experiments on coal were stopped, 
but in the following April he was made superintendent of mo- 
tive power of the D.,S. & 8. Railroad, while retaining his duties 
as superintendent of the testing department. Tempting offers 
were made to him from the Anaconda Company of Butte, Mon- 
tana, and from other firms in Pennsylvania, but he preferred to 
remain with his former benefactors, and received gradually 
larger responsibilities until he became in charge of the con- 
struction department and full superintendent of motive power 
and machinery. These positions he held at the time of his 
death, January 21, 1890, at the age of thirty-seven, His death 
was caused by pneumonia. 

Mr. Wagner organized at Freeland, Pa., a school known as the 
Mining and Mechanical Institute of the Anthracite Coal Regions 
of Pennsylvania. This was started for the purpose of providing 
an education for boys of small means and few advantages. Even- 
ing classes are held, and a reading room and reference library 
are open to ambitious boys. It is interesting to see in this 
undertaking of Mr. Wagner’s the effect of the inspiration of the 
great Eckley B. Coxe. 


GEORGE A. BARNARD. 


Mr. Barnard was also one of the early members of the Society, 
becoming a member in June, 1880. He was born in Albany, 
N. Y. Previous to 1870 he had had six years’ experience in the 
shop and in marine engineering, and served from 1870 to 1874 
with the J. C. Hoadley Company, of Lawrence. In 1874 he 
became identified with the Buckeye Engine Company, and was 
with them at the time he connected himself with the Society, 
in 1880, as manager of their Eastern agency, in connection with 
Mr. William Lee Church. In his later years he had turned his 
attention to other problems in power-house practice and in the 
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lines of steam heating, and had devised and arranged the form 
of cooling tower which is known by his name. He passed away 
February 8, 1899, in the fifty-eighth year of his age. 


JOHN KRUESI. 


Mr. Kruesi was born May 15, 1845 at Speicher, and educated 
at St. Gall in Switzerland. He entered the mechanical trade 
at an early age and received a very thorough groundwork 
in the same in his native country. After working in Paris, 
Hamburg, Copenhagen, and London he decided to come to 
America, where he arrived in 1870. Here he married and 
became an American citizen. 

About 1872 he went to work for Thomas A. Edison, who was 
then engaged, apart from his inventive pursuits, in the manu- 
facture of electric instruments .in Newark, N. J. He there 
showed remarkable ability in devising labor-saving tools and 
other methods of cheapening manufacture. 

In 1876, when Mr. Edison built his laboratory at Menlo 
Park, N. J., and moved thcore, Mr. Kruesi went with him as 
foreman of the mechanical department, and in the next few 
years won the respect and friendship of his chief by his inge- 
nuity, his ability to grasp the great variety of experiments that 
he was called on to make, and his untiring energy as head of a 
shop that was open twenty-four hours a day for pretty near the 
whole year round. 

When about to place the incandescent light in the hands of 
the public Mr. Edison selected him as a partner in and general 
manager of a company formed to manufacture underground 
electric tubing about 1881, and the great perfection of the 
“Edison underground system” as now used is due to the 
faithful and able manner in which he carried out the ideas 
given him during the next few years. 

About 1886 the Edison Tube Company was absorbed by the 
Edison Machine Works, a New York manufactory of dynamos 
and electric devices owned by Thomas A. Edison and Charles 
Batchelor, and Mr. Kruesi became the assistant general mana- 


ger of the whole. This company shortly afterwards bought 
property in Schenectady, N. Y., and established its factory 
there, this factory being the nucleus of what is now the General 
Electric Company’s shops. 
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In 1892 Mr. Kruesi became general manager of the General 
Electric Company’s works, and continued so until 1896, when, 
owing to the enormous increase in the company’s business, it 
was thought better to have a greater division of labor, and he 
was appointed chief mechanical engineer, which post he occu- 
pied at his death. 

It is admitted generally that the plant of the General Elec- 
tric Company at Schenectady, with its tools and buildings, all 
of the most modern type, stands second to none in the world, 
and the credit of this is in a great measure due to Mr. Kruesi, 
under whose charge the facilities necessary for 300 hands in 
1886 were inereased to those necessary for upwards of 4,000 
hands, which the company has employed during the last few 
years. 

Mr. Kruesi became a member of this Society at its Montreal 
meeting, June, 1894. 


FREDERIC COOK, 


Frederic Cook was born in London, England, February 6, 
1829. He came to this country with his brothers, commencing 
his professional life by a service with Stillman, Allen & Co., 
at the Novelty Tron Works, as apprentice. He passed 
through the finishing shop, pattern shop, and drawing office, 
taking his first responsible position as head draftsman at the 
American Machine Works, Springfield, Mass. He was then 
twenty-one years of age. In the early forties he went to Cali- 
fornia, around Cape Horn, to receive and sell out cargoes of 
machinery, and remained there two years. He then became a 
partner in the firm of Lange, Cook & Co, and later a mem- 
ber of the firm known as the Belleville Iron Works, located at 
Algiers. La. Out of that shop came a bagasse burner, invented 
by Mr. Cook, which is still in service. 

On the breaking out of the war Mr. Cook went to Canada, and 
returning in 1863 opened a consulting engineering office and 
patent agency in Chicago. From this office Mr. Cook made 
plans of the Pittsburg grain elevator for Edward Burling. 
During 1865 7 he was consulting engineer and superintendent 
of the Wyoming Rock Oil Company of New York and Ontario, 
and was one of the early engineers to make commercial success 
of the use of petroleum. He was invited by the Government of 
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Austria to visit that country and demonstrate its use for their 
navy. 

In 1868 he made plans for the machinery of the Havemeyer & 
Co. sugar house at the foot of North Second Street, Wil- 
liamsburg, but was lured back to the South in 1869, where he 
took up the machinery business and sugar planting. About this 
time he invented the Arrow cotton tie and became the general 
agent of the American Cotton Tie Company, of Liverpool, which 
was organized partly under his open slat cotton tie patent, and 
was licensed under twelve other of his inventions. He remained 
with this company eight years, until the expiration of the patent 
period. He was the inventor of some sixty mechanical contriv- 
ances, Which brought him in a large income. In 1880 he be- 
came the agent for the Babcock & Wilcox Company, and was 
manager of their Southern office, handling a large proportion of 
the business of that company in the West Indies. 

His relaxation was his devotion to painting with the brush. 
He became a member of the Society at the New York meeting 
in 1886, and passed away February 26, 1899. 


HIRAM KIMBALL. 


Mr. Kimball was born at Randolph, Vt., in 1845. After an 
early common-school course and a partial course in the Law 
School of Columbia University, he was admitted to the United 
States bar in 1880. Previous to this time he had been business 
agent for the Toronto Rolling Mill Company, and had been for a 
short time associated with the late A. L. Holley during the early 
period of the development of the American Bessemer process. 

His mechanical instinets, however, diverted him into the field 
of construction, and he identified himself with a form of rail 
joint, with the construction of the Chapman jack-screw, and with 
the Butler Draw-Bar Attachment Company. His principal con- 
nection, however, from 1883, was with the turnbuckle depart- 
ment of the Cleveland City Forge and Iron Company. He was 
at first engineer and later manager. In 1893 he acquired large 
interests in the Cleveland Street Railway development and in 
the management of other important business interests. 

He connected himself with the Society at the Chicago meet- 
ing in 1886. After an illness extending over many months, he 
passed away March 9, 1899. 
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HAMILTON A. HILL. 


Mr. Hill was one of the charter members of the Society, his 
application being dated May 7, 1880. He was born in Worces- 
ter, Mass., January 2, 1832. After graduating from Harvard 
College with the class of 1853 he entered the law school, and 
later the office of the Hon. George F. Hoar, and began the 
practice of law in Boston. By reason of a severe illness he was 
compelled to abandon this profession, and for the remainder of 
his active life was engaged in the business end of mechanical 
engineering. His specialty was the agency for power plants and 
manufacturing plants, to which he brought an expert's knowl- 
edge and contributed to his customers his advice as consulting 
expert. He was senior partner in the firm of Hill, Clarke «& 
Co., and made the economical use of steam power his particular 
field. In 1873 he was appointed, ‘in connection with C. F. 
Adams, Jr., a commissioner for the State of Massachusetts to 
the Vienna Exposition, and published a report upon the exposi- 
tion in general and a special report on the machinery exhibits. 
He was later one of the commissioners to organize the Massa- 
chusetts department of the Philadelphia Exposition. At Vienna 
he was vice-president of the Patent Congress there held. He 
retired from business in 1895, but practised as expert until his 
health failed. He died in Boston Mareh 18, 1899. 

Besides his contribution to the Transactions of the Society 
Mr. Hill had prepared and delivered a considerable number of 
lectures on scientific subjects. 


ALFRED E. HUNT. 


The death of Mr. Hunt is as much a casualty of the Spanish- 
American War of 1898 as any of the losses in the field. 

Alfred Epher Hunt was born March 31, 1855, in East Douglass, 
Mass. He was educated at the Roxbury High School, and 
graduated in 1876 in the department of metallurgy of the 
Massachusetts Institute of Technology. For some time after 
graduation he was connected with survey work, both geological 
and for railroads, but later he entered the Bay State Tron 
Works in South Boston as chemist, where the second open- 
hearth furnace in America was erected. From 1877 to 1879 he 
was manager and chemist, superintending the steel department 


MEMBERS DECEASED DURING THE YEAR. 1013 


of the Nashua Tron and Steel Company. He then went to 
Pittsburg as superintendent and chemist with Park Brothers 
& Co., managing the open-hearth and heavy forging department 
of the Black Diamond Steel Company. In 1883 he resigned to 
jom Mr. George H. Clapp to form the firm of Hunt & Clapp, 
establishing the Pittsburg Testing Laboratory, making a 
specialty of physical and chemical testing of materials and the 
inspection of iron and steel structures. Important metal 
structures of the past fifteen years have passed under their 
hands, such as the Cairo bridge over the Mississippi, the 
Omaha bridge over the Missouri, the Thames River bridge at 
New London, and the Poughkeepsie bridge over the Hudson. 

In 1888 Captain Hunt organized the Pittsburg Reduction 
Company to manufacture aluminum according to the process 
discovered by Charles M. Hall. Previous to this time the 
metal had sold for $15 a pound, so that it was practically a 
precious metal, but as produced by the new process it dropped 
to prices ranging between thirty and forty cents per pound. 
The successful completion and development of the Niagara 
Falls works of the same firm gate promise of further produc- 
tion. 

Captain Hunt entered the National Guard of Massachusetts 
at an early age, rising to the position of a commissioned officer. 
He identified himself on his removal to Pittsburg with the 
Pennsylvania National Guard, and ultimately rose to the posi- 
tion of Commander of Battery b. He left Pittsburg April 27th 
for Mount Gretna, and after the necessary service at Chicka- 
mauga they left July 28th for Porto Rico, where they landed 
August 5th, and on August 12th began the march to Guyama. 
The battery was just ready to fire its first shot in the Cuay 
Mountains when the news of the protocol was received. Re- 
turning, the battery was reorganized, and once more mustered 
into the Pennsylvania militia. Captain Hunt was taken ill at 
Chickamauga and was invalided, but on the departure to Porto 


Rico he determined to accompany it before he was fully re- 
covered. He contracted malaria, which affected the heart 
action, and though he made a trip in April to the seashore 
hemorrhages followed an exertion and he passed away April 26, 
1899. 

Captain Hunt was a member of the party of engineers who 
went to England in 1889, and by reason of his active connection 
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with the Institute of Mining Engineers he was their represent- 
ative in official business of the party. He connected himself 
with the Society on the return from Europe at the New York 
meeting of 1889. 


R. W. BELLHOUSE. 


Mr. R. Wynyard Bellhouse, who was killed by a fall in De- 
troit, April 3, 1898, was born in Manchester, England, in 1856, 
and served his engineering apprenticeship at the celebrated 
locomotive works of Beyer, Peacock & Co., Manchester; then 
directed the erection of the Eagle Iron Works, of which he 
later became superintendent and partner in the same concern, 
building bridges, roofs, ete. 

From 1881 till 1883 he was with the Lancashire & Yorkshire 
Railway, when he came to Syracuse, N. Y., as chief engineer for 
the Sanderson Brothers Steel Company, largely controlling the 
reconstruction of the works. In 1886 he was doing general 
engineering work in Syracuse, building Portland cement works 
for the Warner’s Portland Cement Company, and later similar 
works in Ohio. At the time of his death he was employed by 
the Solvay Process Company at Detroit as erecting engineer. 

Mr. Bellhouse had by faithfulness to duty built himself up 
to be a valuable man, and his death was a loss, and deeply re- 
gretted by the friends he had made in this country. He joined 
the Society in 1886. 


LEWIS MILLER. 


Mr. Lewis Miller was of German stock; his ancestors were 
pioneers of Pennsylvania, his parents going to Ohio about 
1812. They were industrious, frugal, God-fearing people. Lewis 
Miller was born in Greentown, Stark County, Ohio, August 24, 
1829. Until he was seventeen years of age he worked on his 
father's farm, attending district school in the winter. For the 
next five years he divided his time between working part of the 
time, attending Plainfield Academy in Illinois, and teaching 
school in Stark County. Mr. Miller took up the invention of 
agricultural machinery and was one of the first persons to pro- 
duce practical mowing and reaping machines. In 1852 he be- 
came partner in a small shop in Canton, Ohio, and engaged in 
the manufacture of mowers, reapers, and threshing machines. 
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Mr. Miller soon showed such extraordinary skill and inventive 
talent that his harvesting machinery, bearing the name of 
‘‘ Buckeye,” found its way into every part of the grain-produc- 
ing world. 

In 1863 the business in Canton had grown so large that the 
company was under the necessity of branching out, and a large 
shop was built at Akron, Ohio, to which place Mr. Miller moved. 
He was the active superintendent of this shop from 1863 until 
the end of his earthly career, February 17, 1899. Among his 
many inventions the most marked one was made about 1855, 
and consisted of the double-jointed bar and the use of two driv- 
ing wheels; this enabled the cutter bar to conform itself to the 
inequalities of the ground, also enabling the finger bar to fold 
over the machine, for convenience and safety in moving, when 
not at work. The method of gearing this machine was a new 
departure, and is in use, with slight modifications, on all mowers 
and reapers to-day. 

Each succeeding year of his long and busy life was full 
of new ideas and inventions in mowers, harvesters, binders, 
corn harvesters, and other machinery, with the ever changing 
details suggested by experience in the harvest fields of not only 
our own but of foreign countries. 

Mr. Miller became a member of the American Society of 
Mechanical Engineers in 1883. He never had the advan- 
tages of a technical education, but was endowed with inventive 
talent, fine judgment, great perseverance, endurance, and a fine 
physique. He had a strong will, coupled with a cheerful hope- 
fulness, that enabled him to keep on in the face of seeming de- 
feat and eventually achieve success. He had good judgment in 
the selection of his assistants, and by fair treatment secured 
their best cooperation. 

The builder of agricultural machinery has not the oppor- 
tunity to build monuments in engineering matters like great 
bridges, engines, steamships, and railways, but taking into 
account “the greatest good to the greatest number,” a man 
with such splendid achievements as Mr. Lewis Miller is en- 
titled to much credit. 

Mr. Miller was a many-sided man, and each side good and 
strong. He was a Sunday-school superintendent for forty 
years and one of the leading Sunday-school men of the country. 
He was active in the improvement of the public schools of his 
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own city, serving on the school board for thirty years, a large 
part of the time as president. He had ideas of his own, both 
on education and buildings, and gave much time and care to 
putting these into practical use. He was also active, both 
personally and financially, in the upbuilding and progress of 
several colleges, particularly Mount Union College. He was 
a member of the board of trustees thirty-four years, and presi- 
dent of the board for thirty-two years. He was also on the 
board of trustees of two other colleges. 

Mr. Miller was the founder of Chautauqua Assembly and a 
large contributor to it. Chautauqua was his recreation, and he 
worked out the details, planning walks, drives, buildings, and 
amphitheatre, as well as other features which have made Chau- 
tauqua so attractive to thousands. The main point, however, 
with him was the educational and Christian uplift of the people. 

He died February 17, 1899, as the result of a dangerous 
surgical operation. 


MAURICE A. MULLER. 


Mr. Muller was born at Berlin,Germany. After an apprentice- 
ship and three years at the Polytechnic he became a junior 
draftsman, after which time he went to England. Ile there 
served five years as a designer in the locomotive and bridge de 
partment of the Great Eastern Railway Company, serving 
thereafter for four years as chief assistant to the late Robert 
Mallet of London. During the Vienna Exhibition in 1873 he 
represented Hugineesing, of London, as expert correspondent. 
The next succeeding years were passed in Germany, France, 
and England, partly in superintendence of the erection and oper- 
ation of English machinery, and partly with literary work. He 
then came to the United States, and was for many years chief 
draftsman at the Weston factory of the United States Electric 
Lighting Company, of Newark, which was his position when he 
connected himself with the Society at the Boston meeting of 1885. 
In the last part of his life he was engaged in business upon 
his own account, in literary work, and in service as professor of 
mechanical engineering at the Newark Technical School. He 
died May 21, 1899, being at that time superintending the con- 
struction of the new Weston factory. His death resulted from 
an exposure at the works, which brought on a cold from which 
he never recovered. 
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CHARLES A. BAUER. 


Mr. Bauer was one of the charter members of the Society, his 
application letter being dated May 14, 1880. He began his pro- 
fessional work as apprentice at the gun and lock smithing busi- 
ness, and the end of the war found him engaged as machinist 
and student of mechanics at the shops of Miles, Greenwood « 
Co., of Cincinnati. In 1867 he became teacher of drawing 
and mechanics in the Ohio Mechanics’ Institute of that city. 
In 1871 he moved to Hamilton, Ohio, to become general super- 
intendent of the Niles Tool Works, from which he was again 
promoted to become consulting engineer with Lane & Bodley 
of Cincinnati. In 1875 he began his best-known work in agri- 
cultural machinery as superintendent of the Champion Bar and 
Knife Company, of Springfield, Ohio. He was in this position 
when he connected himself with the Society. 

Like most of the veterans, his experience covered a wide range 
of subjects, “including most prominently the design and practi- 
cal execution of nearly all kinds of machine tools, stationary and 
river engines, rolling mills, furnaces, pumping, mining, and gen- 
eral milling machinery.” He further stated in his application 
that he had also given some practical attention to the establish- 
ment of plants and the arrangement and details of buildings on 


grounds for manufacturing purposes. 
He was elected a manager of the Society in 1894, and died 
June 12, 1899. 
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